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A much needed product from a company you know and trust 








NOW you can order missile hydraulic 
pumps from HYDRO-AIRE 











SPECIFICATIONS: 


Flow Rate—1.2 gpm 
Pressure—3000 psi 
Speed —9000 rpm 





Weight—21 ounces 

] 7) 
Hydro-Aire—a name you know and rely on for quality airborne controls — announces 7 
the development of a new lightweight high pressure positive displacement hydraulic [ J 
pump designed specifically for the missile industry. Pre-tested in Hydro-Aire’s devel- BURBANK: CALIFORNIA 
opment laboratory, this new pump has demonstrated high efficiency performance over Aviation Subsidiary of CRANE 
a life span that exceeds known missile application requirements. The unit is ready Anti-Skid Braking Systems « Fue 
for quantity production and can be easily adapted to your particular specifications. System Controls + Pneumat 





Producing Controls for Every Basic Airborne System 
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UNERRING GUIDANCE heads a THRUST REVERSAL designed by 

list of electronic achievements en- Goodyear Aircraft makes shortfield ~_- 

gineered by Goodyear Aircraft. capabilities a reality for high-speed ~. 
jets — promising new margins of ' 
safety for carrier-based jet planes. 


ESCAPE: 


ESCAPE CAPSULE by Goodyear 
Aircraft—a down-to-earth, bring- 


"em-back-alive package — heralds 
fail-safe escape for any member of 





% | ff 
Var 
¥ 


AIRCRAFT 


Plants in Akron, Ohio, and Litchfield Park, Arizona. Rewarding Careers for Engineers 
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A NEW CONCEPT 
IN OSCILLOGRAPHY... 
Instantaneous presentation 


Accurate within .75% 
Permanent record we 


@ 8 full scale traces (recording paper 11 inches wide) 
accurate within .75% with a transient response up to 
2 milliseconds. 

@ Electronic signal traces on electrosensitive paper — 
an immediate and permanent record. 


@ No overshoots, damping, ink splatter or other inertia 
problems. 

@ Transients can be analyzed ABSOLUTELY as to time 
and amplitude and RELATIVELY to the other curves 
by an exact relationship between curves. 


@ This instrumentation recorder is an outgrwth of 
Avionic’s experience in the design and fabrication of 
specialized data reduction systems and components. 
Let us know of your specific data control or instrumen- 
tation problems. Our trained engineers thrive on the 
tough problems 








Specialists in data reduction systems 
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Vanguard test satellite: Sad 
symbol of American  com- 
placency! In the limelight and 
beset with troubles, TV-4 had 
still not been fired as m/r went 
to press—one week after start- 
ing countdown. Russia, with 
two Sputniks aloft, was waiting 
patiently for America to get 
its first artificial earth satellite 
aloft before launching a bigger 
more complex Sputnik III and 
shading out America’s second- 
hand satellite glory. How dif- 
ferent the story might have 
been if Jupiter-C had been 
okayed in 1956 will never be 
known. (See Jupiter-C story, 
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Vought Vocabulary 


/ 
€-con O: my « when round-trip missiles 
save taxpayers $102,950,000 


Most missiles land head-first — and, like a bomb, just 
once. This destruction is desired in a missile strike, but 
it makes development costly. Scores of missiles often 
are expended before development problems are solved. 

Vought’s Regulus I and II reduce this expense by 
their dual application. Tactical versions of these guided 
missiles can strike head-on, with a devastating nuclear 
wallop. Test and training versions, used in development, 
can be recovered to fly again. 

One Regulus was flown and recovered 18 times... 
another made 16 successful flights. Six hundred recov- 
eries of both missiles have saved $102,950,000 and 
gained an inestimable quantity of technical data. 


Regulus I has armed submarines, cruisers and carriers 

with a nuclear punch since 1955. Regulus II, with a 
range of more than 1,000 miles and able to exceed twice 
the speed of sound, will join the Navy’s underwater and 
surface Nuclear Fleet. 
Scientists and engineers: pioneer with Vought in new missile, 
manned aircraft, and electronics programs. For details 
on select openings write to: C. A. Besio, Supervisor, 
Engineering Personnel, Dept. P-1. 
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Pw *price—$490 with model 0143 power supply 


i Gr, 
WIDE CAPABILITY...HIGH DEPENDABILITY 


NEW HALLAMORE DC AMPLIFIER The combination of low drift and noise with high stability and broad bandwidth constitutes 





an instrument very nearly ideal for applications requiring the amplification of DC signals. The Hallamore Model 0142 affords 
DC gain accuracy of 1% or better and DC gain stability of .05%, witha drift of lessthan + 2 microvolts , referred to input 
with 10% regulated line. Applications include telemetering, data handling and process control. The unit is also employed as 
an oscilloscope pre-amplifier, galvanometer driver, or error amplifier. Model 0142 is immediately available as a plug-in unit or 
as an element in a module of eight amplifiers with eight Model 0143 power supplies or one Model 0144 regulated power supply 

For general laboratory use, the amplifier has been combined with a Hallamore power supply in a convenient, portable cabinet, 
Model 0146. Write or phone for PUB 543, full description of Model 0142 DC Amplifier. Address: 8352 Brookhurst Avenue, 


Anaheim, California. 


HALLAMORE ELECTRONICS COMPANY a division of the SIEGLER CORPORATION 
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NEW HYDROSPINNING AT DIVERSEY 


ERE you see a large solid propellant nozzle being hydro- 
spun by a Diversey craftsman. Diversey has pioneered 
in the research and development of this remarkable cost 
saving technique. The missile nozzle above was one job 
that went through the research and study stages and now 
you see it in successful production. 
At Diversey you have the LARGEST FACILITIES for 
your missile metal machining problems. Diversey again SEND 
displays progressive leadership by their accumulated expe- FOR 
rience in this new art of hydrospinning. Diversey is avail- FREE 
able for study on your hydrospinning problems. Now you BOOKLET 
can bring your hydrospinning jobs to Diversey 
as well as your missile metal machining jobs. 


LEADERS IN CONTOUR MACHINING 


3 Dwer sey ENGINEERING COMPANY 


10550 WEST ANDERSON PLACE 
FRANKLIN PARK, ILLINOIS « A Suburb of Chicago 


FROM NOSE TO NOZZLE, FROM FIN TO FIN, CONTOUR TURNED PARTS—WITH PRECISION BUILT IN 
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Let’s Use What We've Got! 

The United States will continue to trail Russia in space tech- 
nology and missile science in 1958. But this year will mark the 
beginning of a new era for Americans, because this is the year 
when we will determine whether we shall ever catch up with the 
Reds. It’s now or never. Certainly, the Russians won’t be waiting 
for us to get on a par with them. 

While Russia established a Commission for Astronautics 
several years ago, giving her a comfortable lead in the race for 
space weapons, complacency and ignorance have delayed our 
missile progress. We have been complacent in refusing to believe 
we were in a race with Russia. We showed our ignorance when 
we thought it inappropriate to use military rockets to bring aloft 
“civil” satellites “merely” to serve science. 

We now know that the Russians employed their most power- 
ful Army rockets to send aloft their Sputniks. Russia’s ability to 
put up an 1100-pound satellite is indicative that the Reds are 
advanced in the art of ballistic missiles. Intelligence received in 
this country during the last two years, that the Reds have inter- 
mediate-range ballistic missiles in mass production, is now fully 
accepted. 

Our missile concept and time table have been upset by 
Russia’s advances. And our military planners must understand this. 
We cannot continue the approach of trying to match or obtain 
the equivalent of an opponent’s weapons arsenal and striking 
power. Simply equaling him nets nothing but an expenditure of 
resources to achieve no appreciable gain. 

What must be done is to aim not for an equal, but a far 
reaching and more important objective. Simply matching Russian 
accomplishments will not reclaim U.S. prestige in the eyes of the 
world, nor will it reinstate us as the world’s leading power. 

If we could only eliminate inter-service rivalry squabbles 
much would be gained. In fact, we could leapfrog the Russians by 
employing some rather unusual, coordinated mergers of weapons 
systems. Instead of the Navy mothballing its carriers and the Air 
Force scrapping missiles like the Snark, we could achieve im- 
mediate and truly potent deterrent striking power by marrying 
the systems. Three aircraft carriers each equipped with two 
squadrons of Snarks—operating in the Atlantic, the Pacific and 
the Mediterranean waters—would give us an almost unparalleled 
intercontinental missile striking capability. 

The Snark is our only proven long-range missile. It is suc- 
cessful. It can be employed as a low-altitude mass-attack weapon. 
A whole group of Snarks could be launched within minutes from 
the deck of a carrier. It is ready now. According to Navy sources 
a carrier Snark system could be activated in less than six months. 
It would stun the Russians. It would restore our prestige and 
help us rebuild the deterrent capability we once had. 

Carriers are slow. But they are on the move. And mobility 
is the top parameter in missile efficiency. This, of course, is the 
main reason for Russia’s emphasis on missile-carrying submarines. 
Here’s our chance not only to match them, but to bypass them, 
since our Snarks have intercontinental range. 

True, a carrier-based Snark is not a lasting weapons con- 
cept. But it most certainly would help us get into operation a truly 
sophisticated missile system now—during the two-to-three year 
interim period while awaiting operational ICBMs and their com- 
plex bases and other space weapons. 


ERIK BERGAUST 








EDISON’S SIZE 8 GEARHEAD MOTOR 


smallest diameter 
gearhead available, 
yet motor gives 
same output 

as a size 10 unit 













OPERATING CHARACTERISTICS: 
@ Type of motor: Two phase E miniaturization in servo motors for aircraft and missiles. 


. ag oO oon The size 8 Gearhead Motor shown here is a typical example. 


E The Edison Instrument Division has met the challenge of greater 
© Stalled torque This particular Edison unit can be supplied in any gear ratio within 
é (Min. in. o2.): 0.20 é 2% and has the smallest diameter gearhead now available. 
° a mate oheosl W7 Add to this salient feature the fact that this unit gives the same 
m. W : a. : . 

& © Speed at max. Power output La output as a size 10 motor and you have an ideal motor 
i P.M): 3950 for such miniaturized projects:as small panel 
i @ Torque at max. Power output mounting instrumentation and small computers for aircraft. 


(in. 02.): 1.2 Its light weight also makes this gearhead motor easily adaptable 
e@ Theoretical acceleration at . e g jes 


for missiles work. 
2 
e a pees edhig 7 ~~ Ape . The Edison instrument Division now has this unit available 


in production quantities for fast delivery. Permanent tooling assures 
quality production of both short run and volume orders. 


The Edison Instrument Division invites your inquiry. Write or wire 
Ke: aH i P| for complete technical details. Mention your application. 


@ Duty: Continuous at stall 


Thomas A. Edison 
INDUSTRIES 


INSTRUMENT DIVISION 
46 LAKESIDE AVENUE WEST ORANGE, N. J. 
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CLEVELAND 
PNEUMATIC INDUSTRIES, INC. 


announces expansion and consolidation 
of sales and application engineering services 
effective February 1, 1958 


AEROL 
ASSOCIATES 


A DIVISION OF CLEVELAND PNEUMATIC INDUSTRIES, INC. 


will provide nationwide representation for 
all customer services relating to design, development or 
manufacture of the products of the following divisions: 


The Cleveland Pneumatic Tool Company 
National Water Lift Company 
Special Products Division 


The expanded application engineering staff of 
AEROL ASSOCIATES offers proven know-how and 
a carefully integrated service to meet the accelerating 
needs of defense and industry production: 


Flight Control Systems & Components « Aircraft Landing Gear 
Missile & Rocket Launchers + Ground Transport & 
Lift Equipment + Test Stands « On-Site Services 


Hydraulic, Pneumatic & Electro-Mechanical Devices 


—S— 


AEROL ASSOCIATES 


Atlanta + Boston + Cincinnati + Cleveland + Fort Worth + Kalamazoo + Los Angeles - New York 


February, 1958 


Seattie - San Diego + Washington, D.C. 
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OUNCE 
WEIGHT 


fora ’ WAY 


VALVE 


inhérent minimum 
internal leakage 


Series BF42C 
Operates to 70 psi 
gases or liquids 
Available with 
electrical connectors 
instead of lead wires 





‘ suitable for small actuators 
and instrumentation systems 


you've made so many small 
coaxial valves, they said, 
can you make us a 

really small low-pressure 
3-way? Result: By the use 
of Ecke! unique magnetic 
field features, a 3 oz. 
3-way ... one-third the 
weight of previous 
“smallest” valves. 
Consumption: only 9 watts 
at 28V DC. 


On request—Eckel Valves for the Space Age. 


TWX collect 

San Fernando Cal 7632 
Representatives 

in U.S. and Canada 


eckel 


vu \ (/ pept. B-7 








1425 First Street, San Fernando, Calif. 
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letters 


Small Tracks Overlooked 
To the Editor: 


With reference to Mr. Alfred 
Zaehringer’s statement in “Rocket Sled 
Experiments” published in a recent issue 
of m/r, there are five and not four 
smaller tracks in the United States. A 
fifth track is located at the Naval Air 
Development Center, Johnsville, Pa. This 
track is 750 feet long. The sled is rocket- 
propelled and pneumatically decelerated. 
Its design maximum is 100 g’s and its 
payload is small (less than 100 Ibs.). 

The larger rocket tracks are cer- 


| tainly valuable and possibly more glamor- 


ous than the smaller ones. The small 
tracks, however, are capable of filling a 
need in the development of missile com- 
ponents. 
Richard Scharmann 

U.S. Naval Air Development Center 
Aeronautical Electronic and 

Electrical Lab. 
Johnsville, Pa, 


Red Book Unavailable 


To the Editor: 

In a recent “Soviet Affairs” column, 
Dr. Albert Parry mentioned Bor’BA v 
ErireE (STRUGGLE IN THE AIR) by Ale- 


| ksandr Beliayev, a Russian novel issued 


in 1928 picturing a future Soviet-Amer- 
ican war. I wonder if it would be pos- 
sible for me to purchase or otherwise 
obtain a copy of this, 

Allow me to compliment Dr. Parry 
on his prediction on Sputnik as well as 


| on his excellent coluran. 








| American 


Roy E. Licklider 
Mayer, Ariz. 


In answer to numerous inquiries 
about the Russian novel on the Soviet- 
rocket-and-death-ray war of 
the future, Dr. Parry informs us that the 
novel is not readily available now, either 
in its Russian original or in his English 
translation. Dr. Parry has recently com- 
pleted his translation of the book but 
it has not yet been published.—Ed. 


Naval Commander Comments 


To the Editor: 


On reading the Vaeth-Huson article 
“Training Potentialities of Synthetic 
Missiles” in m/r, we of the U.S. Naval 
Guided Missiles School, Dam Neck, Va. 
ran the entire gamut of emotions: 

Agreement—with the idea _ that 
synthesis has a big place in the training 
of missilemen. 

Shocked disbelief—at what we feel 
certain was an unintentional slur on the 
manufacturers’ reliability control and on 
the supervisory abilities of instructors. 

Query—as to where the “experience” 
of early component failure and extent of 
down time was gathered. (Certainly not 
from us who train on the equipment.) 

Relief—on reading the footnote 
wherein the authors admit the ideas pro- 
pounded are neither those of the Navy 
Department nor the Naval establishment 
at large. 

Cloud Five is a fine place to work 
from, but let’s not get up to Cloud Nine 
or we will spend more on synthetics than 
on the usable—and reusable weapon! 


Alex. A. Sproule 
Commander, USN 
Officer in Charge 
U.S. Naval Guided Missiles School 
Dam Neck, 


Mighty Mouse Shared 


To the Editor: 
. [am sure you have heard by now 


that "Mighty Mouse should have been 
listed as a Navy-Air Force rocket. Its 
design was developed at the Naval Ord- 
nance Test Station of the Navy’s Bureau 
of Ordnance at Inyokern and the first 
prototypes were manufactured there. Prac- 
tically all of the initial test work, both 
ground and air firings, was done there. It 
was first adopted for service use on naval 
aircraft and somewhat later by the Air 
Force. The contracting for production, 
and the inspection of the great number 
of rockets manufactured, were handled 
entirely by the Navy, Bureau of Ordnance. 
It is true that the quantities eventually de- 
livered to the Air Force were consider- 
ably greater than those for naval aviation 
because the Air Force has more fighters 
than the Navy has... 

M. F. Schoeffel 

Rear Admiral, 
611 Wyatt Building 
Washington 5, D.C. 


USN (Ret.) 


Sorry. We'll make sure the Navy gets 
proper credit when we cover the Mighty 
Mouse in the future —Ed. 


Likes Our Stand 


To the Editor: 

I have just read your m/r for the 
first time and find it to be extremely 
frank and exhilarating. If a publication 
can have “guts,” yours does. 

It is the first publication I have ever 
read from cover to cover at one sitting. 
If it were read on all levels in Wash- 
ington I am certain it could be one of 
the biggest single contributions to our 
defense effort. 

Howard G. Gillette, 
Chief Chemist 
Precision Rubber Products Corp. 
3110 Oakridge Drive 
Dayton 7, Ohio 


m/r Stands Corrected 
To the Editor: 


A letter to the editor in your De- 
cember issue asked m/r for developments 
in the air-to-surface missile field. An 
editorial comment followed that the U.S. 
does not have much of a “sophisticated” 
program in this field and that other than 
Bell’s Rascal and the new North Amer- 
ican ASM, m/r didn’t know of any new 
developments. 

I hasten to add that The Martin 
Co.’s Bullpup is a new development, and 
we believe it is sophisticated. 

Don Perry 
Information Services 


The Martin Co. 
Orlando, Fila. 


To the Editor: 


A little problem of ours—and we 
would appreciate your help. 

Publications often refer to our firm 
as AS&R. That’s wrong; it can be con- 
fusing to readers and embarrassing to us. 

Like many people we have two 
“names,” the formal and familiar (Wil- 
liam Smith and Bill Smith). Ours are: 
American Smelting and Refining Co., or 
simply Asarco. 

Jackson How 

American Smelting and Refining Co. 
120 Broadway 
New York 5, N.Y. 
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FW-23 plug, either crimp 
or solder-pot contacts 


FWR-31SL wall mount 
receptacle, socket insert 
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th MS-K and FW 
al cc nectors for the 


feuits in flame barrier 
Lae 


St of Military Specification 

SRR ‘ 
MIL-C-SOTS assures that a connector will 
“tarry a Specified current for 5 minutes and 


prevent the passage of flame for twenty min- . 


utes while being subjected to a flame of 
2000°F. Cannon MS-K Connectors meet this 
specification. 

In addition to firewall plugs Cannon Electric 
has developed connectors that operate contin- 
uously up to 1000° F. Developments are under 
way that will increase the temperature range 
We would like to suggest that you will find it 
well worth your while to consult our engineer- 
ing personnel for full information on the new- 
est high temperature connectors available. 

For an interesting discussion of the broad 
subject of ‘‘Reliability,’’ write for Cannon 
Bulletin R-1. 


Please refer to Dept. 438 
More than 27,000 Cannon Connectors 


assure you the opportunity of selecting 
exactly the right connector for any partic- 
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Typical short-time tensile properties 
at elevated temperatures 


PH 15-7 MO (Cond. RH 950)—17-7 PH (Cond, TH 1050) 


PH 15-7 Mo 17-7 PH 
Ult. Str 
Yid. Ste 








Stress—1000 psi 


Elongation=% in 2 in. 





TEMPERATURE—DEGREES F 
Armco PH 15-7 Mo is a new stainless steel specifically de- 
veloped for missiles and supersonic aircraft. Commercially 


available in all forms, it supplements and offers even greater 


design advantages than Armco’s 17-7 PH and 17-4 PH 
Stainless Steels that are now used extensively in intermediate 
and long range missiles. 

Design and Production Advantages 


0 200 400 600 800 1000 


Tensile properties at elevated temperatures indicate the pos- 


sibilities of PH 15-7 Mo for minimum-weight structures that 
withstand heat, This new missile material offers unusually 
high strength-weight ratios at temperatures up to 1000 F 
and good corrosion resistance. These properties make Armco 
PH 15-7 Mo ideal for structural components, fuel system 


tanks, valves, pumps und other accessory parts 


Vy lf Excellent fabricating characteristics insure producibility of 
PH 15-7 Mo parts. Standard production methods may be 
used because the material can be fabricated in the easily- 
worked annealed condition, then hardened by a simple heat 


treatment. 


Additional Data Available 


Look into the multiple advantages offered by this new Armco 





Offers guaranteed F,.,, 


Stainless Steel in the design and production of missile com- 


for sheet of 225,000 PSI, ponents For complete information on its prope rtics, heat 


treatment, and fabrication, fill out and mail us the coupon, 


high strength-weight ratios to 1000 F, 


AF 
excellent workability, : ARMCO STEEL CORPORATION, 1328 Curtis St., Middletown, Ohio 


and is available in all forms. | Send me information on Armco PH 15-7 Mo Stainless Steel 
| 


! 
| 
| 
| 
| 
| Name | 
| | 
| COMPANY | 
| | 
| streeT__ . a | 

| 

| 

| 

| 


1 city : = ZONE___STATE 
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ARMCO STEEL |'\: 


ARMCO STEEL CORPORATION, 1328 CURTIS STREET, MIDDLETOWN, OHIO 





SHEFFIELD DIVISION + ARMCO DRAINAGE & METAL PRODUCTS, INC. + THE ARMCO INTERNATIONAL CORPORATION 
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WW....ARNOUX miniature 


DEICOMMUTATOR 


FOR PAM and PDM TELEMETRY SYSTEMS 
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The new Arnoux Mode! TD$30-1 The Arnoux Model TDS30-1 Decommutation System is compactly designed 


Decommutation System is com- for use in airborne or trailer installed telemeter receiving stations and in 
pletely self-contained within portable check-out equipment. 

three chassis assemblies con- 

sisting of: Gating Unit (TOP), ® Miniaturization is the natural result of a new circuit design allowing the 
Pulse Selector (MIDDLE) and entire system to contain only 76 tubes as opposed to several hundred in com- 
Regulated Power Supply (BOT- petitive systems. 

TOM). The unit handles 28 * Modular construction permits easy expansion of system to any desired channel 
channels of information and capacity. 

occupies only 191 inches of * Novel circuitry design does not reflect errors due to center frequency drift of } 
panel height in a standard re- sub-carrier oscillators, drift of discriminator D. C. output level, or tape play- 
lay rack, Overall depth behind back speed errors. 

panel is 13 inches. * Built-in test selector permits visual inspection of waveforms throughout system 


for quick malfunction detection. 

Neon indicators on each gating unit give continuous visual indication of correct 

sequential operation. 

* System accepts all standard IRIG inputs, either PAM or PDM, at any sampling 
rate from 75 to 900 per second. 





* Overall linearity is within V2 % at maximum level. Long term level drift is 

within = ¥. %. Gain drift is negligible ‘ 
Modular plug-in gating units allow quick replacement of faulty channels. 

Two spare units are maintained on standby for instant use. 


Power required is 115 volts, 60 cps, single phase. Optional 115 volt, 400 cps, 
power supply available for airborne application. 


ARNOUX corporarion 


Designers and Manufacturers of Precision Instrumentation 


WRITE FOR 
ARNOUX BULLETIN 800 








11924 WEST WASHINGTON BLVD. © LOS ANGELES 66, CALIFORNIA 
PHONE: TExas 05371 * EXmont 82707 @ TWX:S MON 7498 
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5-752 
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Reproducer 


Continuous 
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Transport 
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announcing CEC’s new 


DataTape system 


Record Amplifiers—Seven record amplifier 
plug-in modules can be housed in a single 
amplifier case—the smallest package on 
the market today. 10-20 oz. modules (64%” 
long by 34%” high and 1-3/16” wide) pro- 
vide FM, PDM, or Analog recording. No 
shockmount is required. Write for follow- 
ing bulletins: 

Analog, Bulletin CEC 1592-X2. 

PDM, Bulletin CEC 1594-X2. 

FM, Bulletin CEC 1595-X2. 

Power Supply weighs only 17 pounds. 
Only one unit is required to supply any 
combination of 14 record amplifiers. No 
shockmount is required. 


Now, for the first time, you can 
get precise magnetic tape data at 
extreme altitudes and tempera- 
tures to 100°C—performance 
guaranteed by the most compact 
airborne system available today. 
DataTape’s uniquecombinationof 
advantages include outstand- 
ing miniaturization, all metal-sur- 
face magnetic heads, and rugged, 
modular construction. No shock- 
mounts are required. The new air- 
borne system is completely 
compatible with CEC’s 5-752 Re- 
corder/Reproducer. Contact your 
nearby CEC field office for com- 
plete information, or write for 
Bulletin CEC 1607-X2. 













CEC's all new Type 5-702 provides up to 14 
tape tracks, instant selection of tape speed, 
with large capacity of 4%” or 1” tape on 
104%” reels. The mounting of reproduce 
headstacks permits downstream monitor- 
ing of all tracks coincident with the collec- 
tion of data, also converts the Recorder to 
a ground laboratory playback machine. 





Compare these features: 


ALL-METAL-SURFACE MAGNETIC HEADS 


DESIGNED FOR HIGH-TEMPERATURE 
OPERATION 


CAST ALUMINUM ALLOY CONSTRUCTION 
MINIATURIZED—MODULAR DESIGN 


SIX TAPE SPEEDS . . . ELECTRICALLY 
SELECTED WITHOUT BELT CHANGES 


Consolidated 


Electrodynamics 
300 No. Sierra Madre Villa, Pasadena, California 


OFFICES IN PRINCIPAL CITIES THROUGHOUT THE WORLD 
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WHA’ pumps provide 


safe, easy transfer of... 


Lig MSSM LOGS 
ama Uiilizars! 


Liquid fuels and oxidizers are tricky to handle. They are 
cold, lethally poisonous, often corrosive! UAP offers a 
hand-operated pump now fortified against corrosion 
with compatible metals, metal coatings and seals. The 
pump provides safe and easy handling of liquid missile 
fuels and oxidizers in labs, testing areas and launching 
sites. 


These high performance, positive displacement pumps 
are of the oscillating vane type. A simple design fea- 
tures gravity and pressure operated valves that provide 
positive fluid control—even up to angles of 20 degrees 
from the vertical. Pumps are self-priming and can be 
easily installed for either right or left hand operation. 


The unusual durability of these compact, portable, light- 
weight pumps may help solve your handling of LOX, 
fuming nitric acid, peroxide, liquid ozone, flourine, and 
other production or experimental missile liquid fuels 
and oxidizers. 





PERFORMANCE DATA 
wp to 150.0] INLET PRESSURE—psia . . . . . . 12.7 





DISCHARGE —GPH . 
























STATIC TEST PRESSURE—psic . 









up to 134.7 


DISCHARGE PRESSURE —psia up to 54.7 





Write for complete information ... or submit your application problem 
today for UAP design study! Call or write the nearest UAP Contractual En- 
gineering Office listed below! 


CALIFORNIA . . . « « « « « F101 Chestnut St., Burbank, Calif., VI 9-4236 
NEW YORK . . . «+ « « « « SOE. 42nd St., New York 17, N.Y., MU 7-1283 
OHIO . . . « «© © «© © «© « « 41316 Bolander Ave., Dayton, Ohio, BA 4-3841 


CANADA ... «+ «© © « « « « United Aircraft Products, Lid., 5257 Queen 
Mary Road, Montreal, Canada, Elwood 4131 


a fave. family of, airerofe cssenitile since 1929 
UNITED AIRCRAFT PRODUCTS, INC. 
1116 BOLANDER AVENUE, DAYTON, OHIO 
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BURROUGHS SYSTEM STUDIES... 
MORE AIR DEFENSE INSURANCE 


ONCE AGAIN ELECTRONIC COMPUTATION AT 
WORK HELPS RESOLVE A VITAL PROBLEM 


Freezing enemy air assaults at “real time’ speed— 
if and when they should come—is a must of modern 
defense. And high speed computation applied 
through a System Study makes this possible. 

Suppose, for example, enemy air armadas are 
jetting in on target from several “o'clocks” at once. 
How do we gauge their speed, location and relative 
priority . . . then assign the best availabie weapon 
to obtain the kill? 

The U.S. Army Signal Corps handed Burroughs 
Corporation this objective. We examined the mili- 
tary problem and developed a tactical analyzer 
known as MATABE (Multi-weapon Automatic Target 
and Battery Evaluator). Using MATABE, Burroughs 
Corporation is continuing this System Study which 
will determine the ultimate defensive weapon system. 

In such System Studies, again you see Burroughs 
at work, analyzing and resolving problems for the 
military—and for civilian industry, too 

Inquiries for further System Studies are welcomed 
in any and all areas of our proved competence. 
Write, call or wire Burroughs Corporation, Defense 
Contracts Organization, Detroit 32, Michigan. 






BURROUGHS 


CORPORATION 


THE FOREMOST NAME IN COMPUTATION 
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 Now...a battery of 


Hydroforms at HYDROFORM 
Blank — 8” Diameter, 


m Draw Depth — 5” 





-to reduce your development time and 
costs on every pre-production run! 


Kaupp hydroformed prototypes and 
pre-production parts are accurately formed and 
drawn in less time, at lower cost. Hydroforming 
produces short run, and in some cases 
production pieces, quicker and more 
economically than tool and die methods. New 
equipment installed by Kaupp assures faster 
service. For complete information on Kaupp 
metal forming facilities, call or write today! 


FEWER DRAWING OPERATIONS 
SIMPLER TOOLING 

FASTER SET-UP 

IMPROVED QUALITY 






















THINCH HYDROFORM 
OTP Diemeter Expanded Kaupp facilities include deep 
Maximum Draw drawing by conventional methods for volume 
Depth — 8” production runs and a completely equipped 


metal spinning department. 


fom =m ©: VO] od mie) t 


NEWARK WAY © MAPLEWOOD 

Specity — NEW JERSEY 
KAUPP... a 

for Accurate Forming and ieiedas of Stainless Steel, Inconel, 


12-INCH HYDRD 
Cold Rolled Steel, Aluminum, Co,\per, Brass and Other Alloys . a» de 
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| Heres your new ANSWER 


PHOTOGRAPHED ACTUAL SIZE 
BALL CIRCLE DIAMETER: %¢ inch. 





WORLD’S SMALLEST ball/bearing SCREW SOLVES 
CRITICAL MINIATURE POSITIONING/CONTROL PROBLEMS 





screw fixed—nut trovels 





NUT TRAVELS: When rotary motion is applied to the screw, 
the b/b nut glides along the axis of the screw on roll- 
ing steel balls, converting rotary force and motion to linear 
force and motion with 4/5 less torque than ocme screws. 


nut fixed—screw travels 


HIS 














SCREW TRAVELS: When rotary motion is applied to the 
b/b nut, the screw glides along its longitudinal oxis on 
rolling steel balls, converting rotary force and motion to 
lineor force and motion with unprecedented efficiency. 
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An unprecedented achievement in minimum size and 


weight—maximum efficiency, dependability and ser- 


vice life for ultra-precise controls. 


It's another first from Saginaw—and the 
possibilities it opens up for improved 
electrical and electronic controls are 
limited only by your imagination! Radar 
tuners, missile and rocket guidance and 
telemetering systems, automatic switch- 
gear, electronic machinery controls are 
just a few of the applications where this 
new miniature Saginaw b/b Screw will 
solve critical positioning / control problems. 
It's so compact and light, you can save 
substantially on space and weight. /t's so 
efficient, (over 90%) you can use much 


smaller motors and gear boxes. /t's so 
precise, you can position components 
within .0OO5 inch per inch of travel. 
It's so dependable, you can rely on re- 
markably long service life even in adverse 
environments. 


You will find our 1958 Engineering Data 
Book extremely helpful in planning 
applications, or experienced Saginaw 
engineers will gladly make specific re- 
commendations without obligation. Just 
phone, write or mail the handy coupon. 


SEND TODAY FOR FREE 36-PAGE 


ENGINEERING DATA BOOK... . , Shh ee 


or see our section in Sweet's Product Design File 


| Goninaw, 6 aR 


Saginaw Steering Gear Division 
General Motors Corporation 
b/b Screw and Spline Operation 





Dept. 7MR, Saginaw, Michigan 
Please send new engineering data book on Saginaw b/b Screws and 


Splines to: 


ADDRESS 


SAGINAW STEERING GEAR DIVISION OF GENERAL MOTORS © SAGINAW, MICHIGAN 
WORLD'S LARGEST PRODUCER OF BALL BEARING SCREWS AND SPLINES 


CITY 
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Symbol of a Reputation 


. a reputation for integrity, for quality and 
service ... for advanced creative engineering 
achieved by New Departure in over half a cen- 
tury of precision ball bearing manufacture. 
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You'll find this emblem is also symbolic of our 
determination to continue, in the fullest meas- 
ure, all those factors which have built that 
reputation. It is a visual pledge of this reso- 
lution to all our customers, present and future. 
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FORWARD FROM FIFTY 


turning point of 
modern industry 


NEV DEPARTURE 


DOIiViSiON OF GENERAL MOTORS BRISTOL, CONN. 
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NO WONDER WE 
MAKE SO MANY 


CAMERON ONE PIECE 
FORGED MISSILE 
NOZZLES 


Have no welds 


Require less machining 


l 
>] 
9 
J. 


Are lower in cost 


A better nozzle for less money has put 
Cameron way ahead in production of 
these important missile parts. Cameron's 
exclusive split-die forging process makes 
this possible. Each nozzle is forged from 
a single heated billet of specified steel 
This steel is produced in Cameron’s own 
melt shop under the closest possible con- 
trol. From these perfect billets our spe- 
cially designed split-die presses forge a 
near final shape. 


Movement of the three ele- 

ments in the split-die process 
No welds are required and machining 
is greatly simplified—grain structures are 
perfect. 
Missile nozzles produced by this method 
are supplied as finished forgings ready 
for economical machining or completely 
machined to specification. At every 
single phase of manufacture, each nozzle 
is checked by the most modern methods 
used today. 
The Cameron split-die process has suc- 
cessfully solved many unusual forging 
problems in a wide variety of end uses. 
Some of these include critical airframe 
members, jet engine components, pro- 
peller blades and hubs, atomic reactor 
valves and many high pressure controls 
for the oil industry 
Cameron has extended the great ad- 
vantage otf terrous forged members to 
include shapes impossible to produce 
heretofore. Present production of missile 
nozzles includes diameters to 28” with 
large open sections and elongated double 
conical thin sections to 36” in length. In 
weight our forgings range to 8.000 Ibs 
and our high quality alloys satisfy many 
unusual demands. If you need forgings 
in this group and, of course. if vou need 
nozzles, call, write or come by 


IRON WORKS, Inc. 


SPECIAL PRODUCTS DEPARTMENT 
P. O. Box 1212, Houston, Texas 
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HIGH PRESSURE PNEUMATIC SYSTEMS 
@ LIQUID OXYGEN SYSTEMS 

@ HYDRAULIC SYSTEMS 

@ EXHAUST SYSTEMS 

@ FUEL SYSTEMS 









Problems of connecting tubing and ducting of dissimilar which steel and aluminum alloy plumbing are joined. 
metals subject to extreme temperatures can be solved with 
the new Marman Conoseal Tubing Joint. An all-metal joint, 
it provides metal gasket compression with the flexibility and 
sealing qualities formerly obtained only through use of 
organic seals. The Conoseal Joint withstands linear deflec- 


The Conoseal Tubing Joint is available in three different 
operating performance ranges to meet varied applications. 
Standard sizes from 1” to 12” O.D. tube size, with special 
sizes designed to 
your requirements. | Operating} Temperature Max. Pressure 








tions up to 1/16-inch without sacrificing a perfect seal. Write today for} Range Range (°F. (3” Size @ 70°F.) 
The seal is maintained under extreme pressures and full engineering 
temperatures even on joints with material transitions, in details. Low 300 to +750 1300 psig. 
Medium 300 to +1000 3300 psig. 


High 300 to +1800 6000 + psig. 


MARMAN DIVISION adhe cndiclesty Waiting 
s=~eroquipfCorporation 

















11214 EXPOSITION BLVD., LOS ANGELES, CALIFORNIA 


IN CANADA: AEROQUIP (CANADA) LTD., TORONTO 19, ONTARIO 












MARMAN PRODUCTS ARE MANUFACTURED UNDER VARIOUS U. S., CANADIAN AND FOREIGN PATENTS AND OTHER PATENTS PENDING 
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... missile handling is faster, more precise with hydraulic power by 


MO-212 


February, 1958 


Looking for a better drive to Move missiles from 
storage to launchers . .. to Aim missiles precisely . . . 
to Guide or Track missiles? Then consider these fea- 
tures of a Vickers hydraulic drive: 

Ultra fine contro! — missile launchers and radar 
drives have been trained and elevated with excep- 
tional accuracy down to speeds approaching zero. 
Fast positioning — the fastest acceleration, de- 
celeration and reversal of any power transmission. 
High power gain one milliwatt input easily 
controls hundreds of horsepower. 

Narrow deadband narrower than any other 
high horsepower drive. 


Excellent efficiency overall mechanical effi- 
ciency of hydraulic transmissions (motor and pump) 
can exceed 85% at full load. 

Consider, too, these other advantages unusual 
compactness .. . packaged units . . . extreme relia- 
bility. 

If your missile handling problem is urgent, phone, 
wire or write for further information or an im- 
mediate visit by one of our application engineers. 

For more than fifty years, we have worked on ap- 
plications ranging from the largest gun turrets to 
missile launchers. So, tell us about your drive prob- 
lem. There is an excellent possibility that we have 
already developed the units that will fit your needs. 


VICKERS INCORPORATED 


DIVISION OF SPERRY RAND CORPORATION 


WATERBURY 20, CONNECTICUT 
DISTRICT SALES OFFICES: DETROIT, MICHIGAN + EL SEGUNDO, CALIFORNIA + SEATTLE, WASHINGTON + WASHINGTON, D.C 
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At the zero second everything must 
function without failure. ANDREW 
HELIAX cable is used in postassembly 
and preflight checkouts of missile ra- 
dio frequency systems. The cable forms 
a closed circuit over which interroga- 
tion and response signals are transmit- 
ted between checkout equipment and 
airborne radio frequency packages. The 
HELIAX cable runs from a mobile trailer 
to connecting points on the missile. 


ANTENNAS @¢ ANTENNA 
TRANSMISSION LINES 


SYSTEMS 


READY 


Ghee) Ea 


€ eS “ae 


The ruggedness of HELIAX makes it 
well suited to this challenging task, 
where its low VSWR, low RF leakage 
and low attenuation give accurate 
measurement of systems performance. 
Flexibility permits the cable to be 
taken down, recoiled and subsequently 
reused many times. 

If you require similar characteristics 
in a cable, consider the special advan- 
tages of HELIAX. 
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HELIAX is normally supplied as an 
assembly, complete with end fittings 
factory attached, reducing installation 
labor and improving quality. 

Complete uniformity throughout its 
entire length gives HELIAX superior 
electrical characteristics. 

HELIAX is always less difficult, less 
costly to install, easier to handle. 

HELIAX is available in 7 “size (Type 
HO) and 154” size (Type H1). 


WRITE FOR FREE SAMPLE LENG 


363 EAST 7Sth STREET + CHICAGO 19 
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Pictured above is our new Research and Development Center now 
under construction in Wilmington, Massachusetts. Scheduled for 
completion in early 1958, this ultramodern laboratory will house 
the scientific and technical staff of the Avco Research and 
Advanced Development Division. 





Avco’s new research division now offers unusual and exciting 
career opportunities for exceptionally qualified and forward- 
looking scientists and engineers in such fields as: 


Science: 

Aerodynamics - Electronics - Mathematics - Metallurgy 
Physical Chemistry - Physics - Thermodynamics 
Engineering: 

Aeronautical - Applied Mechanics - Chemical - Electrical 
Heat Transfer - Mechanical - Reliability - Flight Test 


Write to Dr. R. W. Johnston. Scientific and Technical Relations, 
Avco Research and Advanced Development Division, 
20 South Union Street, Lawrence, Massachusetts. 





CREATIVITY 


If there is a single word that can best describe the aim and 
purpose of AVCO’s Research and Advanced Development 
Division, it is creativity. We at AVCO have assembled those 
elements and that atmosphere which we believe are most 


conducive to true creative effort. 


Our future progress depends on an early recognition of the dif- 
ference between an important new idea and just a new idea. It 
is mere quibbling with words whether we call these things new 
discoveries, breakthroughs, or basic research. They are, in fact, 
merely the signposts of our future. The world in 1980 and the 
year 2000 will, in its technological aspects, be vastly different 
from what we know today. Yet locked somewhere on our present 
scientific frontiers is the knowledge that will spell out this 
difference. It is our purpose to help in the unlocking of that 
knowledge and to contribute our part to the over-all progress. 


The most important ingredients of creativity are curiosity and 
a real will to work hard. Of only slightly lesser importance is 
the feedback, or close working relationship between theore- 
tician and observing experimentalist. We at AVCO also realize 
that a single creative effort is the output of a man, or, at the 
most, of a small group of men at any one time. It is, therefore, 
continuously subject to the criticism of other men and some 
even more stultifying forces. Some of these are economic or 
organizational and others are of a more subtle variety. We of 
the AVCO management consider it our responsibility to be 
alert to both positive and negative factors affecting creativity. 
We consider the ability of our men to create for the future, 
the most important function of the AVCO Research and 
Advanced Development Division. 





J. W. Marchetti, 


Director, Aveo Electronics Research Laboratory 


Aesearch & Advanced Development 








Details of missile development are secret and can only 
be discussed on a “need to know” basis. But when it | 
comes to missile component reliability, it’s no secret 
that Exide has the most experienced engineering team 
and the best laboratory facilities in the industry. 





Storage Battery Company, Philadelphia 2, Pa. 


Exide Missile Batteries are available on short 
notice in a number of types and sizes. Write for 7 ® 
catalog and engineering data. Missile Applications 
Department, Exide Industrial Division, The Electric 
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In the skies today flies a new series of 
deadly, pilotless rockets...lethal in their sting, 
unerring in their flight. Infrared control 
solved the major problem of guidance but 
mass production of the rocket with economy 
A was still a difficult assignment. Here, Hunter 
cA Douglas aluminum cold forgings proved 
Ay uniquely successful. 
F, This process achieves fast, economical 
4+ production of tubular shapes with a variety 
z of internal and external structural details 
O. integral with the tube itself. Costly fabrication 
“ and time-wasting assemblies are eliminated. 
4 The resulting tubes are stronger, simpler, 
Sf cheaper, more accurate and more efficient! 
o Combine these advantages with straightness, 
SD roundness and true diameter from end to end 
GY and you'll see why Hunter Douglas is the 
Sf recognized source for cold forged tubular 
components from coast to coast. 


%, If your contract includes tubular or hollow 
shapes—with or without closed ends—get the 
facts on Hunter Douglas Aluminum Cold 
Forgings. A letter will bring recommendations. 


ANOTHER HUNTER DOUGLAS “FIRST — Newest member of the spe- 
cial metals family to undergo successful cold forging at Hunter e 
Douglas is Molybdenum — now produced experimentally in pre- ¢ 

cision tubes of nominal length. Not a standard production item; Sf? 


cost necessarily restricts Moly tubes to vital projects, at present C 
. - « CN OD ay “ 
wy & 4 % » x . 





Hunter Douglas Aluminum Division of Bridgeport Brass Co., Dept. MR-2, Riverside, California, OVerland 3-3030 
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Now Available 
ERMETO0-type 


VALVES and FITTINGS 


Tubing . . . Check Valves .. . Line Filters 
Blowout Assemblies 
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For FAST Assembly 
HIGH PRESSURE 


Systems 
Pressures to 10,000 p.s.i. 


Send for New Catalog 407 K-2 


AMERICAN INSTRUMENT CO., INC. 


8030 GEORGIA AVE., SILVER SPRING, MARYLAND 
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when and where 





FEBRUARY 
“Are Flying Saucers Fact or Fancy?” 
Dr. Hugh Winn, Missile and Ord- 
nance Systems Department, GE, 
Engineers Club, Philadelphia, Pa., 
Feb. 19. 


MARCH 


ASME Gas Turbine Power Division Con- 
ference and Exhibit, Shoreham Hotel, 
Washington, D.C., March 2-6. 

1958 Nuclear Congress and Atomic 
Industry Trade Show, International 
Amphitheater, Chicago, Ill., March 
16-22. 

First Interservice and Industry Symposium 
on Guided Missiles Training Equip- 
ment (limited to those with secret 
clearance), Naval Ordnance Labora- 
tory, Silver Spring, Md., March 18- 
19. 

IRE, National Convention and Radio 
Engineering Show, Waldorf-Astoria 
Hotel, New York Coliseum, New 
York City, N.Y., March 24-27. 

Fourth International Instrument Show, 
Caxton Hall, Westminster, London, 
March 24-29. 


APRIL 


ASME Division of Instruments and Regu- 
lators Conference, University of Del- 
aware, Newark, Del., April 1-3. 

Eighth International Symposium, Elec- 
tronic Wave Guides, sponsored by 
Microwave Research Institute of 
Brooklyn Polytechnic Institute, 
Engineering Societies Building, New 
York City, N.Y., April 8-10. 

ASME Maintenance and Plant Engineer- 
ing Conference, Penn-Sheraton Hotel, 
Pittsburgh, Pa., April 14-15. 

ASME Design Engineering Conference, 
International Amphitheater, Chicago, 
Ill., April 14-17. 

ASME and AWS Engineering Division 
Joint Conference, Statler Hotel, St. 
Louis, Mo., April 15-17. 

Institute of Environmental Engineers, 
Second Annual Technical Meeting, 
Hotel New Yorker, New York, 
N.Y., April 17-20. 

AIEE, IRE, EIA, WCEMA Electronic 
Components Conference, Reliable 
Application of Component Parts, 
Ambassador Hotel, Los Angeles, 
Calif., April 22-24. 


MAY 


National Flight Test Instrumentation 
Symposium, Instrument Society of 
America, Park Sheraton Hotel, New 
York, N.Y., May 4-7. 

Professional Group on Microwave Theory 
and Techniques, National Symposium, 
Stanford University, Palo Alto, 
Calif., May 5-7. 

1958 Western Joint Computer Conference, 
Ambassador Hotel, Los Angeles, 
Calif., May 6-9. 

Institute of Production Engineers, Pro 
duction Exhibitions Conference, 
London, England, May 12-21. 


JUNE 

IAS, AIEE, ISA, National Telemetering 
Conference, Lord Baltimore Hotel, 
Baltimore, Md., June 2-4. 

American Rocket Society, Semi-annual 
Meeting, Hotel Statler, Los Angeles, 
Calif., June 8-11. 

ASME Semi-annual Meeting, Statler 
Hotel, Detroit, Mich., June 15-19. 
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MISSILE COMPONENTS Bulova’s infra-red seeker celi—the Sidewinder's 
eye — locks this missile on target; Bulova fuzing systems do the rest. 
Powder-driven gyros, timers, safety-and-arming systems and other elec- 
tronic and electro-mechanical devices, designed and made by Bulova, 
play vital roles in the Dart, Talos, Sparrow...in all, 18 key missiles. 





AUTOMATION Bulova R&D designed mechanized plant and equipment 


for Signal Corps goal of 10,000 perfect quartz crystals per 8 hour shift 
—with 1/10th the manpower. From systems analysis through equipment 


development, Bulova engineers devise industrial and military facilities 


for automatic production of electronic components and ordnance items. 


Bulova precision helps to solve 
today’s most challenging problems 


Time, mass, length...the age-old concepts 
man relies on as he enters the Age of Space. 


Time alone is unique. Its accurate mea- 
surement demands the highest order of 
precision in the design and manufacture of 
electro-mechanical devices. 


Bulova, leader in measurement of time, has 
become master of the very combination of 
abilities that holds practical solutions to 


ULOVA 


watch 


the growing challenges of miniaturization. 


Miniaturized systems and components by 
Bulova are now working for our nation’s 
defense and automated industry. The same 
vision and experience that developed them 
are available to assist you... from concept 
to reliable mass production. 


For further information, write Department 


G.1.8.-1. 
company 


BULOVA RESEARCH AND DEVELOPMENT LABORATORIES, INC. 
BULOVA PARK ¢ JACKSON HEIGHTS * NEW YORK 


adi ¥3 





PRECISION MANUFACTURING Bulova-built servo muscles steer our 
nation’s first ballistic guided missile — the Corporal. When critical toler- 
ances demanded uncompromising accuracy, Bulova solved tooling and 
assembly problems on a crash basis. Bulova experience and facilities 
are unexcelled where precision, reliability and capacity are vital. 


February, 


AIRCRAFT INSTRUMENTS Bulova's new Servo Altimeter combines 
unsurpassed sensitivity and accuracy with direct-reading tape presenta- 
tion. Special pressure devices created by Bulova include transducers for 
air data computers... remote pressure sensors for weather stations and 
airports ...climb and dive indicators...and autopilot altitude controls. 
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Self-cligning Self-wrenching 
Type LH2956 + 1/4-28, 5/16-24 


A 


THESE NEW 


Nut 


Self-aligning Anchor Nut 
Type LHA3022 + 10-32, 1/4-28 





SELF-ALIGNING STOP NUTS? 


Got a problem in bolting non-parallel surfaces? Still use a 
costly compromise like hand-selecting tapered shims? Must 
you resort to time-consuming, unwieldy, multiple spot- 
facing operations? 

For a cost-saving, weight-saving, time-saving solution 
try the new ESNA self-aligning fasteners. To meet specific 
application installation problems four different designs are 
offered: a hex nut to standard dimensions; a double hex, high 
tensile fastener which develops 180,000 psi in the 
bolt; a floating anchor nut; and a self-wrenching 
type. All of these parts automatically correct for 
angular misalignment up to 8° in any direction 
from the center line. 

@ The self-aligning anchor nut serves as a “fixed” fas- 


tener for use where the bolt is removable but the 
fastener remains riveted to the structure. 


@ The self-aligning hex is designed for applications where 
a wrenchable nut can be used. 


@ The 12-point double hex design provides 180,000 psi high strength 
performance and requires a minimum of wrenching area. 


@ The self-wrenching design is suggested for locations where tighten- 
ing with a wrench is impractical. The lug anchors itself against an 
adjacent surface for easy wrenching. 
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Each self-aligning fastener consists of a nut body with 
curved base and mating washer surface which act together 
on the ball-joint principle. Made of carbon steel for use at 
temperatures up to 550°F., these fasteners meet Specifica- 
tion AN-N-10 performance requirements and also the torque, 
tensile, twist-out and push-out requirements of MIL-N- 
25027 (ASG). 

Like to know more about this line of lightweight self- 
aligning fasteners? Mail the coupon today. 


ee ee a Sea. eae ee 
] Dept. N38-291, Elastic Stop Nut Corporation of America 


| 2330 Vauxhall Road, Union, New Jersey 
Please send me the following free fastening information: 





[] Standard drawings of four new ESNA self-aligning fasteners. 


(C) Here is a drawing of our product. What self-locking fastener 
would you suggest? 
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now, with basic modules build... 


DIGITAL VOLTMETERS 








DIGITAL RATIOMETERS 





or a COMPLETE DIGITAL, MISSILE 


ELECTRICAL CHECKOUT SYSTEM 


for measuring DC to 0.01%, AC to 0.1%, Ohms to 
0.01% , DC ratios to 0.01% and AC ratios to 0.02% 


Standard, off-the-shelf modules never become obsolete— provide 
maximum versatility. As needs change, simply regroup old mod- 
ules or add new ones. Your system is always current at minimum 
cost and engineering. Internal construction is also .odularized 
for ease of maintenance. 


Fully transistorized circuits result in increased reliability, reduced 
power consumption, low heat dissipation, miniaturized packages, 
and eliminate radio noise and line transients. 


Important new specifications— Wider, dynamic ranges cover all 
voltages from 100 microvolts to 1,000 volts; resistance from 10 
milliohms to 10 megohms. Input power frequencies from 50 to 400 
cycles. New balance logic speeds down ranging. Automatic AC 
ranging from 30 to 10,000 cycles. Use of transistors increases 
switch life by a factor of three. 


Wide selection of input and output modules for operating printers, 
IBM punches, etc., can be accommodated without sec, | cations. 
All contacts are accessible at rear panels with connectors. With 
plug-in modules, digitized data is provided in printed form, 
punched cards or tape without modification to basic measuring 


instruments. 


This Short Form Catalog 


gives complete specifications 







on both basic and auxiliary 


wiiee 
———, modules. Send for it. . . today. 





tT 


LECTRO 
NSTRUMENTS 


inc. 
3794 Rosecrans Street 
San Diego, California 
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REFRASIL High Temperate 


or PRR 27) BOR fi 
EOS: a A, ° 


BULK FIBER BATT CORDAGE CLOTH SLEEVING TAPE YARN 






HITCO designs and produces a complete line of 
High Temperature Insulation Products for the 
demanding requirements of Missiles and Rockets. 


HITCO’s THOMPSOeglas is a formed High-Density 
Fiberglas, designed for shock and vibration absorp- 
tion and thermal protection of instrumentation and 
missile guidance system components. 


REFRASIL High Temperature Laminates and 
REFRASIL Insulating Blankets are other HITCO 
contributions to America’s Missile Program. 
















WRAP 


REFRASIL ‘‘Pre-Formed” and 
“Wrap-around” insulating 
Blankets are preferred by 
the majority of aircraft and 
jet engine manufacturers all oan 

over the world! conan 

















¢q THERMO-COUSTI 
Removable Insulating Blan- 
kets combine top Acoustical 
and Thermal insulating effi- 
ciency with convenient flexi- 
bility for ease of installation 
and removal in jet airliners, 
cargo and Military Aircraft 









Write or call our Research and Development 
Engineers for help in solving your special missile 
insulation problems. 
















THOMPSOglas 


Formed High-Density Fiber- . a Y 
gias is designed for Thermal ~~ 


and Acoustical Insulation, 
and is a versatile protective x people 
insulation Material for a 


~~ 
variety of Aircraft and ™~ 
Missile applications. 








WRITE FOR FREE NEW CHART! 


Covers all basic types of fibrous 
insulation and their temperature ranges 


from —300° to + 3000° F 


H. |. THOMPSON FIBER GLASS C0. 


1733 Cordova St., Los Angeles 7, Calif. 
Phone REpublic 3-9161 














4 REINFORCED PLASTICS 
For Military, Industrial and 
Commercial Products 
REFRASIL Cloth, combined 


: . with High Temp Resins, is 
—e™, f possible liner for Missile 


















uses. Typical High Temp Air- 
craft parts shown 





HITCORE Honeycomb é 
In Stainless Steel and a 
variety of other materials. 










WRITE OR CALL YOUR NEAREST REPRASIL REPRESENTATIVE: 











EASTERN: TOM KIMBERLY, 38 Crescent Circle, Cheshir BRowning 2-6544 Various thicknesses, core 
MIOWEST : BURNIE L. WEDDLE, 1347 Pennsyivama St., Indianapolis 2, Ind. MEIr sizes and foil gages can be 
SOUTHWEST : MARSHALL MORRIS, 2850A W. Berry, Rem. 14, Ft. Worth, Texas, WA. 4-8679 combined to meet your spe- 
NORTHWEST: J. L. LARSEN. 5757 Oaklawn Place. Seattle. Wash.. MOha cial requirements. 





CANADIAN PLANT: THE H. |. THOMPSON CO. OF CANADA LTO 


Quelp? } Aylor 
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Routine Flight... 


THE WORLD’S AGE-OLD DREAM of exploring the _ the physiological and psychological effects upon 


universe is nearing reality. Daily we are gaining Man. Placing Man himself within the atmos- 
new knowledge — knowledge of the physical phere of outer space is now routine procedure 
effects of outer space upon equipments, and of __ in Litton Industries’ Space Research Laboratory. 


LITTON INDUSTRIES seventy nitts, carirornia 


Plants, Laboratories & Offices in the U.S., Canada, Europe, and South America 


DIGITAL COMPUTERS & CONTROLS RADAR & COUNTERMEASURES INERTIAL GUIDANCE MICROWAVE POWER TUBES AUTOMATIC DATA PROCESSING 
AIR NAVIGATION & COMMUNICATION MONROE OFFICE & BUSINESS MACHINES SPACE RESEARCH PRECISION COMPONENTS & TRANSFORMERS 
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EEMCO TYPE 0-978 


Designed by 
for missile 
where prolonged testing is required Pe full load 
at a temperature range of +-180° F. to +400° F. 
SPECIFICATIONS : Volts: 27 volts DC (24 to 32 volt 
range). : Yq HP (% HP max. short time 
overload). R.P.M.: 12,000. Weight: 2.75 pounds. 

ahisie cifications: Radio noise filter meets 
M 181B reas a proof requirement meets 
MIL-5272A-Proc. 2. Altitude Operation: Tested suc- 
cessfully at over 200,000 feet altitude. Features: 
Built for high shock and vibration loading. 






tion 


EEMCO Type D-1022 


Designed by EEMCO for extremely high altitude 
operation with ambient temperature capacity to 
165° F. Type D-1022 is capable of unusually high 
shock and vibration loading. 

SPECIFICATIONS: Volts: 56 volts DC. Horsepower: 
8.5 HP at 85% efficiency. R.P.M.: 12,000. ee 
cycle: Two minutes. Ambient temperature: 165° 
Weight: 14.75 pas. Military Specifications: 
Explosion proof requirement meets MIL-5272A- 
Proc. 2. Features: Built for high shock and vibra- 
tion loading. 


“fo design and produce motors for missiles that perform well beyond the limits 
of military specifications yet which maintain specified size and weight limitations 
is a constant objective at EEMCO. The design, development and testing of motors 
that achieve these extreme performance characteristics requires EEMCO to con 
duct company-financed independent research far beyond that normally conducted 
by a manufacturer of its size. In many instances EEMCO has been able to meet 
rigid specifications, in fact exceed them, when other producers have failed. For 
example, three of these extremely rugged new EEMCO motors illustrated will per- 
form with reliability in the atmospheric conditions encountered at altitudes in 
excess of 200,000 feet, and they are built for unusually high shock and vibration 
loading. Please note the outstanding capabilities of the individual mctors shown. 


EEMCO Type 0-993 


Designed for missile applications where prolonged 
testing is necessary. Type D-993 will stand long 
idling periods with intermittent loads up to 1.25 
HP. It is capable of withstanding vibrational accel- 
erations of up to 125 “G's” in a frequency spec- 
trum of 30 to 300 cycles per second. 
SPECIFICATIONS: Volts: 28 volts DC (24 to 32 volt 
range). Horsepower: .65 HP. R.P.M.: 9600 RPM. 
Weight: 6.2 pounds. Military Specifications: Radio 
noise filter meets MIL-1-6181B. Explosion proof 
requirement meets MIL-5272A-Proc. 2. Altitude 
Operation: Tested successfully at over 200,000 
feet altitude. Features: Built for high shock and 
vibration loading. 





EEMCO HAS DESIGNED and produced motors and actuators for missiles and aircraft exclusively 
for the past 15 years. It has made nothing else. Exhaustive research and testing aimed at 
perfection in the art of building these units has been a constant cbjective since EEMCO was 
founded. As a result, extreme precision and reliability has been attained in its products; there- 
fore many of the latest missiles and aircraft being developed and manufactured for our Armed 
Forces today contain EEMCO motors and/or actuators. 





EEMCO Type 0-899 


Rated at 2.75 HP on continuous duty, EEMCO 
Type 0-899 200-volt 400-cycle 3-phase motor 
is made with high temperature insulation 
allowing continuous operation at 3.5 HP or a 
correspondingly high ambient. D-899 contains 
an integral gear box. 

SPECIFICATIONS: Volts: 200 volts, 400 cycle, 
3-phase. Load: 2.75 HP continuous duty. R.P.M.: 
3140 RPM. Power Factor: 83%. Overall 
Efficiency: 76% for entire unit including gear 
box. Military Specifications: Meets MIL-M- 
7969A (ASG). Weight: 11.25 pounds. Features : 
Type D-899 may be made splash- and drip- 
proof with minor alterations. Gear box, acting 
as motor support, places base at approximately 
the center of gravity of a motor-pump assem- 
bly thereby limiting extreme shocks and vibra- 
tions encountered in a missile 


Your inquiry is invited. 


ELECTRICAL ENGINEERING & MANUFACTURING CORP. 


GEMce) 4612 West Jefferson Boulevard, Los Angeles 16, California—Telephone REpublic 3-0151 


DESIGNERS AND PRODUCERS OF MOTORS, ROTARY AND LINEAR ACTUATORS... 
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ask Arma to help you 


Arma knows the rules. 
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AMERICAN BOSCH ARMA CORPORATION 


Mixed Oxides are versatile, easy to handle 


dae) el -ticelilMmeal ult is melaleMisl-iauleleh gale luliom tale llil-t-10 1-1-1 lace melsmmed dlelelslmlalicltl-1hy 
iiiii-teMieMeM diel-Maelile|-Mebmaelad ¢-melel-idelilileMa-lelic-tiil-ile milileminlel male (tem @) tlel-t 
reli TM LiLtieMel ie iiclalellale melon Zelaliele ls; 

provides high specific impulse with many rocket fuels, including 
Ammonia and 50% Methy! 
rN [ole) ile] MoM By AMM RaT-Siitalelillil-Melile mn PA Ame @laislelicl icin - Mam alesl-alilt- Mee Vululelalie 
100 F, depending upon 


Versatility 
Triethyl-Trithiophosphate, Methyl! Alcohol, 50% 
and Ethylene Oxides ¢ Freezing Point — as low as 
mixture e Density compares favorably with other oxidants e Easy Handling 
can be shipped, piped, stored in ordinary carbon steel e High Stability - 
Helse laceliha-MaeleliM el tiela-teMlalel-tililli-h mm lamcele 4-1e Muilellalieliil-le Mel ma-telehy 
Mixed Oxides, containing 70 or 75% N2O« and 25 or 30% NO, are eco 
alee LID Aehacliicle)i mlamielaeLeomselalalel® (tice ilicele(-168 Oh artic: mel lelilmel male) el-302-11 0 
Virginia, and for experimental purposes, in valved 125-lb. cylinders and 2000- 


leMmeeliliellil ts: 


Dept. NT 2-40-3 


Thexe 


NITROGEN TETROXIDE (N:O.) 


Oxidant for liquid 
rocket propellants 


Molecular weight 
Boiling Point 
Freezing Point 


Latent Heat 
of Vaporization 


Critical Temp. 
Critical Pressure 


Specific Heat 
of Liquid 


Density of Liquid 
Density of Gas 


Vapor Pressure 


5 he 
99 cal /gm 
D 21°C 
158°C 
99 atm 


0.36 cal/ gm 
10 to 20°C 


1.45 at 20°C 


3.3 gm/liter 
21°C, at 1 atm 


2 atm at 35°C 


Ethanolamines:s Ethylene Oxide +s Ethyiene Glycoils + Ureas Formaidehyde+vU. F. Concen- 
trate—8SS «Anhydrous Ammonia+s Ammonia Liquors Ammonium Sulfate « Sodium Nitrate 
¢ Methanol « Nitrogen Solutions « Nitrogen Tetroxide « Fertilizers & Feed Supplements 


ataaaliael 


40 Rector Street, New York 6, N.Y. 
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“be rr %; sharp “back-talk” been 
i¢ — and seldom has it enjoyed such 


widespread attention as today — when ‘com- 
mand performances of guided missiles. cc 


stitute headline news. 
Whether the “bird” going down range is an 
ICBM or IRBM, the chances are two-to-one 
that it carries an Avion Radar Beacon. This 
wie accomplishment is undisputed” 
,of. Avion'’s capability in proc 
ght, rugged, reliable beacon yt 
*ree-World defense requirements. — 
pefor technical data. 
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Now! A West Coast Office 
For Immediate Service 























2 MTG. HOLES 
| OTHER MOUNTING AND HEADER STYLES AVAILABLE) 


BY THE NEW POWRMITE* 


Filtors new and greatly advanced micro-miniature relay. 


Filtors, the leading specialists in the development and manufacture of sub-miniature 
relays is proud to announce the addition of the new Powrmite micro-miniature relay to its 
existing line of traditionally outstanding relays. 

In every field of achievement there is always one leader. In relays with highest available 
reliability the leader is Filtors, Incorporated. All of the experience and know how gained in 
attaining its position of leadership have gone into making Filtors new Powrmite micro- 
miniature relay truly reliable—again the leader in a field of many. 


MICRO-MINIATURE SPECIFICATIONS 


AMBIENT TEMPERATURE RANGE —65°C. TO +125°C. 

DIELECTRIC STRENGTH 1000 VOLTS. (750 VOLTS BETWEEN OPEN CONTACTS). 

INSULATION RESISTANCE 10,000 MEGOHMS MINIMUM AT 25°C. 

CONTACT ARRANGEMENT ' 2C (2 POLE DOUBLE THROW). 

CONTACT RATING 2 AMPS RESISTIVE AT 28 VOLTS DC OR DRY CIRCUITS. 
50 Gs 11 MILLISECONDS. 
10 — 55 CPS AT .06 AMPLITUDE. 
55 — 2000 CPS AT 20 G. 

PICK-UP TIME 7 MILLISECONDS MAXIMUM AT NOMINAL COIL. 
VOLTAGE, 25°C. TEMPERATURE. 

RELEASE TIME 7 MILLISECONDS MAXIMUM. 

NOMINAL COIL VOLTAGE 26.5 VOLTS DC. 

COIL RESISTANCE 550 OHMS +10% AT 25°C. 

ALTITUDE 70,000 FEET. 
CONTINUOUS. 

PICK-UP RELAY SHALL PICK-UP WHEN COIL VOLTAGE IS 
18 VOLTS DC OR LESS OVER THE AMBIENT 
TEMPERATURE RANGE. 


Leading manufacturers of hermetically sealed micro and sub-miniature relays. 


FILTORS, INC. 


Main office and plant: Port Washington, N. Y., POrt Washington 7-8220 
West coast office: 13273 Ventura Blvd., Studio City, Cal., STanley 3-2770 
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BRUNSWICK IS HONEYCOMB HEADQUARTERS! 


Leading producers of military air- 
craft regard Brunswick as the prime 
supplier of compound contoured 
honeycomb components. Here, in 
ultra-modern facilities, every phase 
of production is held well within 
the specified tolerance limits by 
research teams and personnel 
that are both able and experienced. 


Availability of four huge autoclaves 
demonstrates the capability of 
Brunswick to cure assemblies re- 
quiring constant temperatures up 
to 500° Fahrenheit, pressures up to 
150 PSI, and vacuum to 28 inches 
of mercury. These are typical of the 
topflight facilities that always 

give you the best at Brunswick. 


Whatever your problem in metal 
honeycomb, conventional metal- 
work or in reinforced plastics, 
Brunswick can do the complete job 

. from design right through fab- 
rication and testing. Write today 
to: The Brunswick-Balke-Collender 
Company, Aircraft Division, 623 S. 
Wabash Avenue, Chicago 5, Illinois. 


BRUNSWICK 


MAKES YOUR IDEAS WORK 
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Sweden Developing Atomic Missiles? 


Jolt to U.S. and Red “atom-free” zone plans 


Weapons technology greatly underestimated 


By Erik Bergaust 


OSLO, Norway—Krushchev’s and Eisenhower's plans to establish an atom- 
free zone in Europe may not be so easy to put forward any longer. Reliable 
sources in Scandinavia have confirmed to m/r that Sweden is developing atomic 


warheads for its missiles. 


Intensive research work is reported to have been carried out by the 
Swedish weapons concern Bofors in cooperation with that country’s Federal 
Atomic Power Office and other concerns, such as Svenska Aeroplan A/B (SAAB). 
Norwegian sources say “it has been known in defense circles for some time that 
Swedish nuclear scientists made a breakthrough, strictly on their own, two years 
ago, leading to the development of atomic missile warheads.” 


As late as January 14, Krushchev 
warned Norway and Denmark that 
“Russia would take adequate counter- 
measures” if the two NATO countries 
allowed the United States to establish 
ballistic missile bases on their soil. The 
warning followed Soviet Premier Ni- 
kolai A. Bulganin’s suggestion for an 
atom-free “de-missilized” zone across 
Scandinavia. 

In an interview in the Kremlin 
with a correspondent of the Danish 
newspaper Dansk Folkstyre, the Soviet 
Party leader cautioned against accept- 
ance of NATO “militarization” by 
either Norway or Denmark. 

He included in this category the 
stationing of intermediate range bal- 
listic missiles within their boundaries 
and creation of a proposed British- 
West German-Danish Baltic Sea Com- 
mand. 

“If the governments of Norway 
and Denmark accept nuclear and rocket 
weapons on their territories, the Soviet 
Union will, of course, be forced to 
take countermeasures,” he said. 

However, neither Russia nor the 
United States has approached Sweden 
in this respect, both of the big powers 
obviously overlooking Sweden’s weap- 
ons capability and tremendous tech- 
nological progress in recent years. The 
largest and most advanced of the three 
Scandinavian countries, Sweden is con- 
sidered the third European power to- 
day (after Britain and France), and 
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the Swedish Air Force and Navy are 
considered highly advanced. 

Neutral Sweden has had no for- 
eign help in developing its super-tor- 
pedoes, jet fighters, automatic elec- 
tronic guns and missiles, yet it has 
been known for some time that this 
country’s nuclear research has been 
carried out to the fullest extent. 

Norwegian sources confirm that 
the main emphasis in Sweden’s mis- 
sile program is on SAMs and missiles 
for coastal defense. Work has been 
underway on other types for some 
time, but not with the high priority 
placed on aircraft-interceptor missiles 
in the Bomarc and Nike classes. Sur- 
face-to-surface missiles for naval use 
haye been under study, but application 
of these to land operations has not 
been pushed. 

Sweden’s total missile industry 
activity includes many areas, but not 
IRBMs or ICBMs, and puts little de- 
pendence on foreign production. An 
exception to this, however, is the Sep- 
tember purchase of ten Jindiviks from 
Australia. Another type drone is being 
produced by A. B. Flygmal Co. 

Bofors has developed a guided 
AAM for use on the J35 interceptor. 
The Saab A32 Lansen all-weather at- 
tack aircraft is also equipped to handle 
Swedish-developed AGM for tactical 
strikes. One of these aircraft rockets is 
the Jaktrobot (fighter missile), the 
Type 304, which is due to become op- 


erational soon, as is the Sjorobot (sea 
missile) for naval surface-to-surface 
use. These weapons might be fitted 
with nuclear warheads. 

The 304 is currently undergoing 
extensive trials prior to its introduction 
into service. It is already in limited 
production. The new missile was de- 
veloped by the Swedish Guided Weap- 
ons Bureau in collaboration with other 
governmental and civil organizations. 
Its production is handled by the Air 
Force’s own central workshops and 
civil subcontractors. 

Very little technical information 
has been revealed on the 304 except 
that it is rocket-powered and is fitted 
with an all-weather guidance system. 

The 304 is regarded as an ex- 
tremely important weapon in Sweden's 
defense against an invasion over the 
sea. It will enable the Lansen units to 
fire with utmost precision against enemy 
naval vessels well outside the range of 
conventional antiaircraft artillery. 

In addition to the Air Force 304 
missile, a new naval surface-to-surface 
guided missile, known as the 315, has 
been designed for use from destroyer- 
type vessels against other vessels. 

The new missile, now undergoing 
trials at sea, will initially equip the 
destroyers Smaland and Halland. 

Acceleration to flight speed is pro- 
vided by four built-in booster rockets. 
For cruising it uses a special type of 
jet engine, presumably an advanced 
type of pulse-jet engine. The missile 
has an all-weather guidance system. 
The greatest advantage of the new mis- 
sile is that it permits firing at targets 
outside the range of conventional artil- 
lery. The missile is 26 feet long. 

In general, Swedish guided missile 
development is handled by the Guided 
Weapons Bureau. The Swedish policy 
is to develop only such missiles that 
cannot be purchased abroad. 
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AC Spark Plug 





OAK CREEK, Wis.—AC Spark Plug 
division of General Motors recently 
opened the doors of its Oak Creek 
inertial guidance manufacturing facility 
to members of the press. In a day-long 
tour, newsmen were guided through all 
parts of the partially opened plant. 
Manufacture of the Thor guid- 
ance systems (as well as systems for the 
Regulus and Matador missiles), now 
being carried on in AC's Milwaukee 
plant, is gradually being shifted to the 
225,000 square feet of the new build- 
ing now available for use. Further addi- 
tions of 135,000 square feet in April 
1958 and 140,000 square feet in Octo- 
ber 1958 plus the 500,000 square feet 
in Milwaukee will give AC a total of 
1 million square feet before year’s end. 
It was not disclosed by the com- 
pany how much of this space would 
be used for Thor and how much would 
be used for Regulus, Matador and 
other defense operations carried out in 
the Milwaukee area. However, the 
apparent similarity of Thor guidance 
to that of Regulus and Matador prob- 
ably effects some saving in time and 
money in setting up operations and 
allows simultaneous production without 
impeding any of the three programs. 
Most impressive of the areas 
visited were the hygenically clean gyro 
assembly rooms. Women assemblers, 
sans makeup and garbed completely 


Shows New Guidance Plant 


by Raymond M. Nolan 





Gyros in bell jars being filled with fluid. 


in nylon clothing, go through a 30- 
mile-per-hour blowdown chamber be- 
fore entering the temperature- and 
humidity-controlled rooms. Precautions 
even extend to the use of lintless paper 
and ballpoint pens for necessary 
records. The liquid-floated gyros are 
completely assembled here and _ the 
high-density suspension fluid is placed 
in the gyro while it is at near-vacuum 
in a bell jar. 

In an apparent effort to make the 
guidance systems more producible at 
the expense of miniaturization, vacuum 
tubes are used in place of transistors. 
Stabilized platform gimbaling has 
evidently been designed with rigidity 
rather than size and weight as the 





Final checkout of THOR guidance system in “raceway” simulating missile wiring. 
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primary consideration. Weight of the 
system is classified but appears to be 
well over 500 pounds, although a mini- 
mum of miniaturization could cut this 
figure considerably. 

It is interesting to note that the 
entire Oak Creek facility, as well as 
all tools except those which cannot 
be used for other than guidance system 
manufacture, is GM- rather than Gov- 
ernment-financed. Mr. S. E. Skinner, 
GM vice president, who spoke at the 
open-house affair, stated that the cor- 
poration expected to continue research 
and development in order to improve 
existing products and that he would 
pledge full company resources behind 
these efforts. 

According to Mr. J. A. Anderson, 
general manager of the AC Spark Plug 
division, 5400 people including 1400 
engineers are now employed in the 
Milwaukee area and are supported by 
300 engineers and other manufacturing 
personnel in Flint. Even though 1958 
expansion plans will add 275,000 
square feet, Mr. Anderson does not see 
a proportionate increase in the work 
force because of the GM policy of 
extensive subcontracting. 

If GM can hit its goal of 50 per 
cent subcontracting when the pro- 
grams are at full level, results should 
be beneficial to a good part of the 
electronics industry. At present, there 
are 3200 subcontractors participating, 
but Mr. Anderson did not indicate 
whether this total would increase with 
the size of the missile programs. 

Dollar volume of the contracts in 
force at Milwaukee was not given, but 
a figure of $38 million for R&D and 
pilot production for Thor guidance has 
previously been published. 

Mr. Anderson stated that guid- 
ance would cost in the vicinity of 25 
per cent of the Thor. Basing a guessti- 
mate on General Schriever’s recent 
statement that production Thors would 
cost $750,000 per copy, it appears that 
AC is shooting for a cost of around 
$190,000 a system. Present labor force 
totals and estimated material costs 
point to a spending level this year of 
somewhere between $110 and $125 
million for AC-—Milwaukee (and Flint 
supporting operations) but production 
figures remain buried because of the 
intermingling of the three missile pro- 
grams plus the other defense work AC 
is doing. 
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Administration Budget Sets Minimum for Missiles 


The important thing to remember 
is that the President's official budget 
request for fiscal year 1959 is the 
least Congress will approve. The con- 
sensus of Congress—most Democrats 
and some important Republicans—is 
that it is “too little, too late.” It is 
virtually certain that more money will 
be authorized by Congress than the 
President has asked. 

The budget shows a $1-billion in- 
crease in expenditures for 1959 (to 
$45.8 billion) for “major national se- 
curity programs” over the fiscal 1958 
total, yet economists point out that 
inflation will gobble up most, if not 
all, of this. 

Some insist that it even means we 
will be buying less defense in 1959 
than in 1958, and that we have bought 
less in 1958 than in 1957. In a word, 
in the view of many, it fails to recog- 
nize the Soviet threat. 

It is almost as though the Ad- 
ministration wanted Congress to take 
the lead in setting the top limit of the 
post-Sputnik effort. This has political 
overtones. Congress is controlled by 
the Democrats; the Administration is 
Republican. If an “all-out” budget re- 
sults in heavy deficit spending or a 
tax increase (now being talked on 
Capitol Hill), the Republicans in this 
fall’s Congressional and 1960's Presi- 
dential elections can point the finger 
and say, “They did it.” 

In any case, it’s Congress that 
will really set budget levels. It will also 
have a lot to say about how the effort 
is organized—reorganization of the 
Pentagon, establishment of a Depart- 
ment of Science and Technology (bills 
have already been introduced to do 
this), etc. Insofar as the budget is con- 
cerned, Congress now feels that it will 
take a minimum of $1 billion more 
than the President has asked, perhaps 
as much as $2 billion. But, what the 
Russians manage to get into outer 
space between now and this June 30th 
will have a lot to do with the final 
total. Any other technological accom- 
plishments will also have an effect. The 
more Russia does, the higher the tote 
will go. 

President Eisenhower, in his mes- 
sage to Congress January 13, asked 
for new obligational authority for the 
country as a whole totaling $72.5 bil- 
lion, resulting in a total expenditure 
for fiscal 1959 of $73.9 billion. 


For the Defense Department (in- 
cluding Army, Navy and Air Force) 
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by Seabrook Hull 


the President’s $1.3-billion supplemen- 
tal appropriation request for the cur- 
rent fiscal year raises the total obli- 
gational authority (pay, allowances, 
purchases, contracts) for military func- 
tion to $36.6 billion. The equivalent 
1959 total is $39.1 billion—up $2.5 
billion from current 1958 figures. 

Expenditures in 1958 are now es- 
timated at $38.9 billion compared with 
an original estimate of $38 billion. 
The budget document says: “Estimated 
expenditures for 1959 are $39.8, an 
increase of $0.9 billion over the cur- 
rent estimate for 1958, $1.3 billion 
higher than in 1957, and $4 billion 
more than in 1956.” 

Of Defense Department expendi- 
ture totals, $5.3 billion are earmarked 
for U.S. missile programs—‘“for missile 
research, development and procurement, 
for guided missile ships and for mis- 
sile-related construction.” This total 
compares to $1.2 billion in 1955, $1.7 
billion in 1956, $3 billion in 1957 
and an estimated $4.3 billion this year. 

Total for 1958 is fairly well fixed, 
due to the pure inertia of acceleration. 
However, Congressional action will 
probably add at least another $500 
million into the 1959 figures. 


Actual procurement of missiles 
(not including R&D, construction, mis- 
sile ships, etc.), starting at $700 mil- 
lion in 1955 is listed at $2.9 billion 
for 1958 and $3.3 billion in 1959. In 
addition, on the order of $200 mil- 
lion is listed for procurement of mis- 
siles to be sent to Europe under the 
terms of the North Atlantic Treaty 
Organization. Potentially, these include 
Corporals, Redstones, Sergeants, Jupi- 
ters and Thors. 

New obligational authority— 
which controls rate of contracting— 
is of the same order of magnitude to 
slightly higher—$3.8 billion for mis- 
sile contracts in 1959. Expenditures set 
the money you'll actually take in dur- 
ing any given period. Obligations con- 
trol your new business—volume of con- 
tracts you'll sign. 


Still talking expenditures—actual 
cash outlays—the budget lists $13.9 
billion for procurement of major equip- 
ment such as missiles, ships, planes, 
electronics systems, etc.; $2.3 billion 
for “major national security public 
works” (construction) and $2.3 billion 
for “major national security conduct 
of research and development.” The 
three categories add up to $18.5 bil- 
lion. Missile programs account for 


nearly one-third (28.6%). In fiscal 
1958, the overall figure is $18.1 bil- 
lion and the missile percentage, 23.7. 


What this boils down to is con- 
firmation that missiles, rockets and 
space flight have now come into their 
own. Within two to three years they 
will be the single most important mar- 
ket in the country. You can already 
see the increase in the rate of contract- 
ing. The lid that was on during the 
last six months of calendar year 1957 
has been thrown away. Contracts are 
now being placed as fast as they can 
be negotiated and as fast as industry 
can absorb them. Meanwhile, the Pres- 
ident would cut spending for aircraft 
and “other conventional” weapons by 
$1.5 billion. 

The budget makes big noise over 
the fact that “about 90% of the dollars 
programed for missile procurement 
in 1959 are for weapons which were 
not in production in operational quan- 
tities in 1955.” But nothing could be 
more normal—or expected. In any 
case, the budget goes on, “the longer 
range ballistic missile systems—Avflas, 
Titan, Thor, Jupiter, Polaris— .. . will 
account for just about half of the mis- 
sile procurement program for 1959.” 
This is a measure of the current em- 
phasis. 

Further indicators are supplied in 
the budget document: “Jupiter and 
Thor . . . are being placed in produc- 
tion. Work on the Atlas . . . will be 
accelerated. Funds are also provided 
to speed up the operational availability 
of the Polaris . . . and the first three 
submarines designed to employ this 
weapon.” Since the budget was trans- 
mitted, another six Polaris subs have 
been requested. 

“Expansion and further improve- 
ment of the continental defense early 
warning network will be undertaken 
and construction of a new ballistic mis- 
sile detection system started. . . . [Ac- 
celerate] the dispersal of Strategic Air 
Command Aircraft to additional bases. 

Funds are provided for an ex- 
panded research and development effort 
on military satellites and other outer 
space vehicles, and on anti-missile mis- 
sile systems. . . . An increase is also 
included for basic and applied research 
in other areas.” 

Significantly, the President also 
says: “This means, among other things, 
that we must eliminate programs and 
facilities no longer needed and make 
sure that we have no needless duplica- 
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First Annual 


MISSILE MARKET 
GUIDE 
AND DIRECTORY 


An extra issue of MISSILES 
AND ROCKETS, published 
mid-April. Contains a com- 
plete classified listing of all 
manufacturers in the missile 
market. 


Listings are under more 
than 4500 sub-heads 


Nine Major Categories 


* Missile Frame Manufacturers 

* Warhead and Nose Cone 
Manufacturers 

* Propulsion System Manufac- 
turers 

*Ground Support Equipment 
Manufacturers 

*Ground Handling 
ment Manufacturers 

* Guidance Equipment Manu- 
facturers 

* Check-Out Equipment Manu- 
facturers 

* Test Equipment 
turers 

* Tracking and Telemetering 
Equipment Manufacturers 


Equip- 


Manufac- 


Your company may be entitled 
to a valuable free listing. If 
you've received our question- 
naire, please return it promptly. 
If you have NOT received a 
questionnaire, write now to: 


Missile Market Guided Directory 
MISSILES AND ROCKETS 
American Aviation Publications, Inc. 
1001 Vermont Avenue, N. W. 
Washington 5, D.C. 











tion. . . . The Department of Defense 
is now operating a very large number 
of installations. . . . Some of these in- 
stallations involve use of costly or ex- 
tensive facilities for activities that could 
be performed more economically at 
other locations.” Presumably this would 
involve some switch of these activities 
from Government to private industry, 
particularly in the area of applied re- 
search and development where the Gov- 
ernment has spent hundreds of millions 
of dollars in supplying industry with 
facilities since the end of World War II. 
Taking official estimates of new 
obligation authority asked, the follow- 
ing breakdown, by service, results: 


Army: Manpower’s to be cut from 
1,109,000 men in 1955 to 870,000 by 
June 30, 1959. All divisions will be 
reorganized along  pentomic lines, 
which includes, among other things, 
“missilizing” with Honest Johns, Little 
Johns, Lacrosses, Darts and Corporals 
—soon to be replaced by Sergeants. 
The budget notes that the Army has 
organized four missile commands since 
1955 and will have “a considerably 
larger number of separate surface-to- 
surface missile battalions” by June 30, 
1959—Redstones and Sergeants. 

While the budget at no point gives 
any idea of procurement in terms of 
actual numbers of missiles, it’s possible 
to give some indication of the volume 
of purchases. Honest Johns, Little 
Johns, Lacrosses and Darts in numbers 
probably will run (including those al- 
ready on order) in the lower to middle 
tens of thousands each. The Corporal- 
Sergeant category will total in the 
thousands. Redstones, it is expected, 
will be in the high hundreds, including 
those to be supplied to Europe. 

Army’s antiaircraft battalions will 
be cut from 122 to 86, but the num- 
ber of missile (Nike-Ajax and Nike- 
Hercules) battalions will “more than 
double (over 1955)” to 73 in 1959 
compared to 65 in 1958, with the 
reduction coming in 90- and 120-mm 
AAA gun battalions. Only one of these 
is to be left in the Army by June 30, 
1959. No mention was made of giving 
the Army authorization to use the 
Jupiter. However, since the budget 
came out, Army has been given the 
go-ahead to produce a solid-propellant 
missile (named Pershing) to replace 
the Redstone, having a range on the 
order of 500 to 700 miles. 

For procurement of “ammunition 
and missiles” the Army has programed 
$758.2 million for 1959, compared to 
$865.8 million in 1958 and $745.7 mil- 
lion in 1957. While the net increase is 
not very great, the shift of emphasis 
within the total is heavily in favor of 
missiles, though no official breakdown 





is available. In research and develop- 
ment, Army has programed $145.4 
million for 1959 for “guided missiles 
and related equipment,” compared to 
$128 million estimated for 1958 and 
$113.1 million in 1957. Other missile 
R&D funds are also included in the 
categories “artillery and other weapons 
and related equipment” and “ammuni- 
tion and related equipment.” These two 
categories total $48.5 million, with 
again no breakout of missile and rocket 
funds. None of these funds in the sep- 
arate service breakdowns include “pay 
and allowances” for military personnel 
or civilians working for the Govern- 
ment. The bulk will be available for 
contracting out to private agencies such 
as industry, universities. 

Navy: For “missiles, drones and re- 
lated equipment” Navy Bureau of 
Aeronautics lists $270 million in obli- 
gational authority planned for 1959, 
up from $264.6 million in 1958 and 
$203.3 million in 1957. For “ground 
electronic and detection equipment” 
the totals are $37 million, $32.3 mil- 
lion and $26.3 million respectively. 


According to the budget docu- 
ment, Navy’s $1,159 million 1959 
shipbuilding program includes “15 


guided missile ships [surface] one of 
which is to be nuclear powered.” 

Bureau of Ordnance lists $371.9 
million for procurement of guided mis- 
siles, including “sizable increases . ; 
for evaluation, improvement, and pro- 
duction of both defensive- and offen- 
sive-type missiles, especially for 
Polaris.” Totals for this category in 
1957 and 1958 were $159.7 million 
and $188.5 million respectively. Ord- 
nance also lists a $103.5-million cate- 
gory (down from 1958) called “am- 
munition” which includes “adaptations 
for nuclear warheads .. .” 

In research and development, 
Navy shows a $274.3-million total for 
“guided missiles and related equip- 
ment” in 1959, compared to $187.6 
million and $159.3 million in 1958 
and 1957 respectively. Other missile, 
rocket and missile-related electronics 
R&D funds are also included in the 
combined total for “ammunition” and 
“other equipment” of $80.2 million. 
The Navy’s fiscal 1959 R&D budget 
is heavily weighted in favor of “aug- 
mented effort in the development of 
surface-to-surface missiles.” 


Air Force has programed procure- 
ment of missiles in 1959 at $1,728 
million, up from roughly $1.5 billion 
for each of the two years 1957 and 
1958. This compares to aircraft pro- 
curement of $4.9 billion scheduled for 
1959 and $5.9 billion for 1958, a 
drop of $1 billion. 

The continued emphasis of the Air 


missiles and rockets 




















Force budget on manned aircraft, par- 
ticularly SAC bombers, means strong 
Air Force emphasis on “standoff” air- 
to-surface missiles such as Rascal, and 
“decoy” countermeasure missiles such 
as Goose. However, biggest single mis- 
sile category listed in AF budget, of 
course, is the big ballistic missiles— 
Titan, Atlas, Thor and Jupiter. 

Other AF categories where mis- 
sile and missile-related funds are found, 
but for which no breakout of actual 
missile money is available, include (all 
1959 figures): weapons, ammunition 
and propellants (includes aircraft rock- 
ets), $95.4 million; ground communi- 
cation-electronic equipment (ballistic 
missile detection), $705.7 million; 
ground handling equipment (launching, 
guidance and ground test equipment), 
$873.5 million. Budget states that this 
latter figure will increase still more in 
later years. The 1958 total is pro- 
gramed at $444.7 million. 

AF research and development for 
“guided missiles and related equipment” 
totals $94 million for 1959—up from 
$64.2 million and $83.3 million in 
1958 and 1957 respectively. The AF’s 
biggest research and development to- 
tal, however, is listed under “operations 
and management” and totals $332.9 
million for 1959 compared to $322.9 
million in 


tion, Management and maintenance of 
the research, development and test fa- 
cilities of the Air Force such as the 
Air Force Missile Test Center.” 

By and large these three Army, 
Navy and Air Force breakdowns show 
all the missile obligational 
available for contracting in fiscal 1959. 
Parallel breakdowns of funds actually 
to be expended are not tabulated in 
the budget book. This is probably due 
to imponderables as to individual proj- 
ects—just how rapidly various mis- 
siles can be brought to the production 
stage, for example. However, expen- 
ditures will lag obligations, traditionally 
approximating contracting volume of 
18 months earlier. Congress could 
speed up spending. 

Total scheduled expenditures in re- 
search and development for “major na- 
tional security” for fiscal 1959 are 
listed as $3.1 billion, including $2.9 
billion for the conduct of research and 
development and $243 million for new 
plant. These compare with 1958 figures 
of $2.6 billion, $2.3 billion and $270 


1958 and $308.9 million in 
1957. These sums provide for “opera- | 


authority | 


Advisory Committee for Aeronautics, 
$100.5 million—up from $94 million 
this year; National Bureau of Stand- 
ards, $9.8 million—up from $7.8 mil- 
lion in 1958. 

Any new obligational authority ad- 
ded by Congress will measurably in- 
crease contracting authority from June 
30 on. It will increase actual expendi- 
tures somewhat during fiscal 1959, but 
will have its greatest impact in the year 
following. 

As yet Congress has not specified 
its proposed increases. The total figure 
talked is $2 billion. It would be used 
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to hike planned purchases of SAC 
bombers, support of long-range (space 
flight) projects and strenthening of “con- 
ventional” forces. Included in this may 
well be airlift capabilities for missiles. 

And, after it’s all done and Con- 
gress has gone home for the summer 
and the 1959 appropriation is settled 
along with the dust, it still isn’t going 
to be certain how the money will be 
spent. The White House has assumed 
in the past, and may do so again, the 
privilege (through the Budget Bureau) 
of spending or bottling up funds pretty 
much as it wishes. 
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U.S. MISSILES 
in the 
NEWS 


AFTER TWO unsuccessful flights last June 
and September, the Convair Atlas, in two 
limited demonstrations, has finally proved the 
reliability and feasibility of the missile’s boost 
and vernier rocket engine system. 

[he first successful flight was an evalua- 
tion of the missile’s two 165,000-pound-thrust 
boost engines. Last flight was a four-rocket 
test—booster engines plus the two small ver- 
nier rockets used for fine adjustment in con- 
trolling pitch, yaw and roll 

[he most complex phase of the testing 
program is still to be attempted. This will be 
the “complete engine” test where all three 
propulsion engines must operate in unison 
When a sufficient velocity is reached, the two 
booster engines will drop away and the sus- 
tainer engine will accelerate the missile to 
“full-range velocity.” This marriage and di- 
vorce of the propulsion system may require 
several tests before reliability is achieved 


Ca ee 


missiles and rockets 





THE LAST week of January was one of 
hectic activity and waiting overlaid with appre- 
hension and frustration for the people of the 
Vanguard program. TV-4—fourth in the series 
of Vanguard test vehicles—in the second at- 
tempt to place a “grapefruit” satellite in an 
orbit, had been sitting on its launching pad 
since January 15. 

Although project officials had wrapped 
the tightest security blanket around the launch- 
ing attempt to prevent a recurrence of the 
publicity-induced strain on the crew, tension 
was high. This time it was the weather and 
mechanical difficulties that postponed the fir- 
ing from day to day. 

Greater than the previous spotlight pres- 
sure, however, was the strain from the sched- 
ule stretchout. For while the complex, untried, 
on-again, off-again Vanguard was taking its 
own time, its well-proved competitor, the 
Jupiter-C, was erect on a nearby launching 
pad, scheduled to be fired January 29 (pp. 
112-113). 
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Double wef of proper installation—even on com- 
petey lind applications—is now possible with 

herry rivets. Two visual check points are now 
available to the inspector. 

Grip length on new Cherry 600-700-800* series 
rivets is clearly stamped on the head of each rivet 
stem. Even after installation this provides ready 
ins ion of the rivet grip length used. 

hen the rivet is properly set the wire-drawn 
as portion of the stem protrudes 1/16” to 5/32” 

, above the rivet head. This indicates that a blind 
, head has been formed, the sheets have been 
clamped together and the rivet is expanded to fill 
the hole. 

This double proof is in addition to other advan- 
tages, for these Cherry rivets also provide stron 
clinch, wide grip range, positive hole fill an 
uniform stem retention. 

Your inspections will be simplified, and you 
will have double proof of proper installation with 
these Che rivets. For details send for Cherry 
Technical rvice Bulletin No. 24. Write to 
Townsend Co., Cherry Rivet Division, P. O. Box 
2157-Z , Santa Ana, California. 
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New Torpedoes Unveiled; 
One Already Obsolete 


The U.S. Navy’s recent announce- 
ment giving details on two new acous- 
tic-homing torpedoes in use by the 
Fleet was followed 48 hours later with 
the statement that one of the weapons 
was already obsolete. 

The units described were the Mark 
32 and the Mark 43, first types of a 
new series developed by the Navy in 
its stepped-up concentration on antisub- 
marine warfare. 

The Mark 32, one of the simplest 
torpedoes ever developed, is carried on 
the deck of its launching ship and fired 
by tossing overboard. When it hits the 
water, the acoustic homing devices are 
activated and guide it to target. Gen- 
eral Electric and Philco share credit for 
development. It is produced by Philco 
and the Naval Ordnance Plant in For- 
est Park, IIl. 

The Mark 43 differs from the 
Mark 32 in that it can also be launched 
from an airplane. Dimensions were 
given as eight feet long and ten inches 
in diameter, and the weight as one 
eighth that of aerial torpedoes used in 
World War II. Power comes from a 
self-contained battery. 

Rear Adm. E. E. Withington, 
Chief of the Bureau of Ordnance, said 
the Mark 43 was “actually a submers- 
ible guided missile capable of search- 
ing to great depths for enemy targets.” 

Iwo days after the original release, 
the Navy disclosed that it was working 
on a replacement for the Mark 32 at 
the Forest Park ordnance plant. No de- 
tails of the new development were 
given, but the Navy said that produc- 
tion of the Mark 32 ended in 1955 
after a sufficient number for training 
and combat use had been manufactured. 


Fred Morris Organizes 
Electronic Consultant Firm 


The Electronic Engineering and 
Management Consultant organization 
has established offices in Palo Alto, 
Calif., under direction of Fred W. 
Morris, Jr. The office will serve prin- 
cipally an unidentified eastern organiza- 
tion in planning the establishment of a 
West Coast affiliate. 

Morris, a graduate of the Cali- 
fornia Institute of Technology, has 
completed graduate study at Stanford 
University and Occidental College. His 
technical specialties include advanced 
military electronic countermeasures 
systems, counter-countermeasures, re- 
connaissance and radar systems, and 
electronic weapon system performance 

Morris and his associates have 
been active in engineering and manage- 
ment consulting since World War IL. 
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When ordinary gold plate won’t do... 


HUGHES AIRCRAFT COMPANY USES 
SEL-REX BRIGHT GOLD PROCESS 


to plate guided missile components 












More than a hundred gold 
plated pins cling to the 
magnet. Magnification ap- 
proximately ten times. 





The manufacture of guided missiles 
requires the very best of materials... 
highest standards of quality. That’s why 
Hughes Aircraft Company chooses Sel-Rex 
Bright Gold to plate miniature contacts 


and pins used in intricate missile systems. 


Sel-Rex Bright Gold gives you all the 
desirable metallurgical properties of 24K 
Gold...our patented formulation eliminates 
the objectionables. More dense and twice 
as hard as conventional 24K Gold, Sel-Rex 
Bright Gold affords superior conductivity, 
and 40% greater resistance to wear and 


abrasion. 


Yet net costs are lower, because you get 


greater “mileage.” Standard A S T M salt Technicians inspect the minia- 
ture pins which had to be pro- 
cessed on a magnet to prevent 
gives six times more protection with % loss during the plating operation. 


the amount of Gold. 


spray tests prove Sel-Rex Bright Gold 


Send for complete literature. 





OK 
PRECIOUS METALS DIVISION 
SEL-REX CORPORATION 


*Technical data on request. NUTLEY 10, NEW JERSEY . OFFICES: DETROIT - CHICAGO - LOS ANGELES 


Manufacturers of Exclusive Precious Metals Processes, Metallic Power Rectifiers, Airborne Power Equipment, Liquid Clarification Filters, Metal Finishing Equipment ond Supplies. 
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NEWS FROM FLEXONICS 


DUCTING AND COMPONENTS 


ENGINEERING BRIEES 





Looking for ways to 


DAE 


FLEXON® 
FABRICATED 
STAINLESS STEEL 


Weight: 6 oz. finished 
ADVANTAGES: 
Light weight 
A/C quality finish 
No porosity 
Low rejection rate 


NEW 
ENGINEERING 
MANUAL 





Write for information 
on how qualified per- 
sons may secure this 
helpful manual. 


Melby? 


CONVENTIONAL 
STAINLESS STEEL 
CASTING 


Weight: 12 to 14 oz., 
drilled and finished 
OBJECTIONS: 
Excessive weight 
Poor finish ¢ Porosity 
Excessive rejection rate 





Here is a typical example of the type of 
product improvement that results from 
a new Flexonics forming and fabricat- 
ing process. Applied to lightweight 
stainless steel ducting components, this 
process provides you with four impor- 
tant advantages: 


1. Wider latitude in component con- 
figuration 

2. Higher quality 

3. Greater value 

4. Lighter weight 


To learn how you can benefit from 
this new technique, send an outline of 
your requirements. Complete design and 
engineering service is available when re- 
quired. 








9 plants to serve you 
in the United States 
and Canada 
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ot Fi xonic 


1414 S. THIRD AVENUE e 


*10,000 


per pound! 


The accompanying illustration with 
the theme of saving weight is but one 
of many examples wherein Flexonics’ 
special process for forming unusual 
configurations of light-weight, thin- 
wall high-strength stainless steel has 
paid well in designing intricate shapes 
and yet not developed weight penal- 
ties. By cutting weight up to 8 ounces, 
the part shown can save as much as 
$5,000. 
Unusual Requirements 
Demand Unusual Methods 


Conventional methods of forming by 
casting or from half shell stampings 
have been cast aside . . . burned down 
flanges and bad fit-up are eliminated 

. ho more problems of excessive 
weight, awkward tooling and tool-up 
delays. 

A wide variety of parts are made 
by redeposition of material to all ap- 
plicable MIL specs and in small or 
large quantities. According to require- 
ments, wall thicknesses ranging from 
.010 to .049 are made in such un- 
usual shapes as these, in daily produc- 
tion routine: 1:1 bends in stainless 
steel thin-wall tubing PLUS unusual 
shapes, transitions, elliptical, square 
—anything you need. All are high 
strength with ultimate yield of 90,000 
psi. Metals customarily used in M/ R 
applications are easily handled: CRES 
302, 304, 316, 321, 347, Inconel X, 
19-9DL, Monel and many others. 


Get More Information 


If you have unusual ducting or piping 
shapes in consideration, learn how we 
may serve you through this unique 
process. All sizes from 1” through 12” 
may be considered as satisfactory un- 
der standard operating procedures. 
—Check your FLEXONICS repre- 
sentative before you buy—or—send 
an outline of your requirements. Our 
engineers are ready to assist with 
your design problems. 

A-37 






AERONAUTICAL 
DIVISION 


MAYWOOD, ILLINOIS 


In Canada: Flexonics Corporation of Canada, Limited, Brampton, Ontario 
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Army to Replace Redstone With Pershing Missile 


The Army has been authorized 
to proceed immediately on a top-prior- 
ity development of a solid-propellant 
ballistic missile that will eventually 
replace the Redstone. Work on the new 
missile, mamed the Pershing (after 
Gen. John J. Pershing, the famed 
Army commander of World War I), 
has already moved into high gear. 

Pershing will be smaller, and more 
mobile than the present 200-mile Red- 
stone liquid-fueled missile. This is the 
Defense Department’s first move in a 
long-range program that plans to 
eventually replace all liquid-propellant 
ballistic missiles with solid-fueled ver- 
sions. 

Polaris, the Navy's fleet ballistic 
missile, is an example of the advanced 
“state of the art” in the development 
of large solid-propellant missiles. De- 
fense Secretary Neil H. McElroy an- 
nounced the Pershing authorization a 
few days before the Navy reported a 
successful launching of a Polaris test 
vehicle. 

The House Military Appropria- 
tions Subcommittee approved the trans- 
fer from the Military Personnel ac- 
count for R&D and procurement of 
$40 million for initial financing of the 
follow-on solid-propellant missile. Part 
of the funds are for the Lacross, 
Little John, and Sergeant second-gen- 
eration development. Earlier exclusion 
of the Army from supplemental funds 
prompted the committee to reevaluate 


by Norman L. Baker 


the Army’s missile program. 

The Army’s Sergeant and the 
Navy’s Polaris have pioneered the de- 
velopment of solid propellant missiles 
in the United States. The Sergeant pro- 
gram pioneered the development of 
large high-thrust solid motors which, 
with minor modifications, have been 
utilized for the propulsion system of 
the Polaris test vehicles. 

Most of the basic research in the 
large solid-propellant missile field has 
been conducted by Jet Propulsion Lab. 
Manufacturing of the solid fuel for 
these missiles has been handled exclu- 
sively by Thiokol Chemical Co. Thio- 
kol produced the first propulsion units 
for the Polaris test vehicles while Aero- 
jet-General was preparing for the pro- 
duction of the development units. 

The major breakthroughs in solid 
propellants have been realized in the 
last four years. The most outstanding 
has been the achievement of thrust 
and directional control. The range of 
the Pershing will dictate the use of 
the thrust control system. It will be 
possible to vary the Pershing’s range 
by presetting the controls before flight. 
This would be similar to a reduction of 
propellants in a liquid-fueled missile. 

The theoretical maximum of spe- 
cific impulse is rapidly being reached 
in the solid-propellant field. The addi- 
tion of boron compounds to the solid 
fuel is upping the impulse figure to a 
very promising level. The disintegra- 


tion of solid grains produced by vary- 
ing temperatures is a problem of the 
past, so that it is possible to store 
the missiles for indefinite periods. 

Russia has two solid-propellant 
missiles in the Pershing range category. 
The Comet III is an air-to-surface mis- 
sile now in the operational class. A 
submarine-launched version, the Comet 
If has been in the Soviet operational 
arsenal for at least a year. Russia’s 
history in the solid field dates back 
to World War II. At the present time 
the Soviet missile stockpile has several 
short-range solid-propellant rockets. 

Army officials did not disclose 
when the Pershing was expected to be 
an operation weapon. The rapid prog- 
ress in the Polaris program indicates 
that 1960 would be a conservative esti- 
mate. Thiokol Chemical is expected to 
get a slice of the development program 
as a result of their experience with the 
Sergeant and Polaris programs. 

At almost the same time as the 
Pershing authorization announcement, 
Lt. Gen. James Gavin, the chief of 
the Army’s R&D told Senate investi- 
gators the Army had received the go- 
ahead on a 500-mile midrange missile. 
The missile will be a modified Red- 
stone with a lighter warhead. 

Gavin testified that the Army had 
been repeatedly hampered in attempts 
to proceed with the program to de- 
velop the midrange missile. He stated 











Bubble Tight 
relief valves 


Anderson, Greenwood & Co. high capacity pilot- 
operated relief valves are designed for critical 
missile ground equipment installations. A unique 


soft seat design assures continuous 


BUBBLE- 


TIGHT performance on all gaseous applications. 
Write for your complete Valve Catalog 150. 


ANDERSON, GREENWOOD & CO. 


1400 N. RICE 


BELLAIRE, TEXAS 
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one thousand 
hours 


of commutation 
and PDM coding with CEC’s 
NEW PLEXICODER 





The revolutionary Type 40-101 PLEXICODER 
commutates signals from up to 90 transducers 
at 112.5 samples per second and converts them 
into duration-modulated pulses suitable 

for telemetering or magnetic-tape recording. 
The PLEXICODER accepts single or double- 
ended, positive or negative, low-level inputs 
from strain gages-and thermocouples. 
Galvanometers (with inherent filtering 
characteristics) and an optical system replace 
rotating wiper-arm assemblies and complex 
electronic circuitry. Operating modes can 

be changed easily with adapter plugs. 

Over-all system accuracy is 1%. Maintenance 
in the field is accomplished without return to 
the factory. ..service-free life is a nominal 
1000 hours. The PLEXICODER weighs 45 Ibs., 
measures 25” high by 84” in diameter. 
Designed for flight-test instrumentation for 
missiles, rockets, or manned aircraft... ideal 
for engine test stands, telemetering systems, 
and ground-based data-handling systems. 

Call your nearest CEC sales and service office, 
or write for Bulletin 1599-X3. 


Transducer Division 


@) Consolidated 


Electrodynamic « 


300 North Sierra Madre Villa, Pasa 


S 


RECOGNIZED LEADER IN GALVANOMETERS ent 
PRESSURE AND VIBRATION INSTRUMENTAY 
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that two years ago the Army was di- 
rected to develop the missile, then 
ordered to forget the program and 
switch to the development of the 1500- 
mile Jupiter IRBM. In November 1956, 
Defense Secretary Wilson’s roles-and- 
missions directive pushed the Army’s 
allowable missile range back to 200 
miles. 

Gen. Gavin pointed out that the 
largest missile in the Soviet Army 
parade through Red Square last No- 
vember 7th, the T-l, was the same 
kind of missile the United States could 
have been developing since July 10, 
1955, when the Army first submitted 
the 500-mile missile program to the 
Defense Department. 

The decision to allow the Army 
to develop the 500-mile missile is the 
first official deviation from the Wilson 
directive. Army operational control of 
the Jupiter IRBM may be next. Sen. 
Stuart Symington (D-Mo.) said he 
did not agree with the decision to 
hand the authority for operation of 
the IRBM exclusively to the Air Force. 
Sen. Estes Kefauver (D-Tenn.) said 
he doubted the wisdom of the plans 
to turn the operational control of the 
Jupiter over to the Air Force. 


Launcher Protection Need 
Stressed by General 


The future of NATO may be 
based on the mobility and protection 
of its rocket launching sites Maj. Gen 
Brooke E. Allen, commander of the 
Sixth Allied Tactical Air Force, said 
recently. 

Gen. Allen, in a speech before 
the Overseas Press Association in 
Athens, Greece said the degree of diffi- 
culty in hitting our launching sites 
parallels the enemy’s danger in start- 
ing aggression. 

Survival in today’s rocket and nu- 
clear-oriented world demands speed, 
flexibility and mobility, the general 
said. 


Army Proposes Family 
of Artificial Satellites 


A “whole family” of satellites that 
would be invaluable for surveying, 
mapping, communications and other ap- 
plications has been proposed by the 
Army. Lt. Gen. James M. Gavin, testi- 
fying before the House Armed Services 
Committee, also said the Army might 
have launched a satellite two years ago 
if it had been permitted. 

Gavin, retiring on March 31 as 
chief of Army Research and Develop- 
ment, told the committee that Army 
rockets have already demonstrated their 
ability to enter outer space and stated 
that the Army is convinced that its mis- 
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SPACE IS CUBIC... 





AND A 


DESIGN’’... 





-»» CAN REALLY SAVE 
A LOT OF IT! 


One of the real benefits of Parker's ‘system 
approach” to fluid and hydraulic problems is better 
design for specific requirements. Units engineered 
to do the job as integral parts. For instance, in the 


above design from Parker’s Hydraulic Division, over 





12 pounds were saved and the whole complex unit 


The Parker Team provides special- reduced from thousands of cubic inches to 
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Parker 


answers. It’s the first step in the 
“systems approach” .. . gives a 
Parker customer the plus value of 
leadership in experience, for 
today’s AND TOMORROW’S fluid 
and hydraulic problems. Hydraulic and fluid 

system components 


(3 B a »* 


check valves hydraulic valves fuel volves occumulotors 


Parker Aircraft Co. Los Angeles 45, Calif. * Cleveland 12, Ohio 
(Subsidiary of The Parker Appliance Company) 
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We make the earth 
Stand still 


Foremost in the field of 
range instrumentation, 
Fecker offers missile track- 
ing telescopes, special 
cameras, photo-theodo- 
lites and complete syn- 
chronizing and control 
systems. 

For additional information 
or assistance with any spe- 
cial problem simply write. 


j. w. fe 





rod (=) om | a | oe 


ICAN OPTICAL COMPANY 


tk 





This precise sidereal rate 
table so accurately coun- 
ters the earth's rotational 
rate that the test platform 
in effect stands still in 
space. A primary standard 
for testing navigational 
systems and components, 
this sidereal table is only 
one of a series of direct 
and servo driven rate 
tables available. 





6592 HAMILTON AVENUE ¢ PITTSBURGH 6, PA. 
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sion can best be carried out by use of 
a family of satellites. He pleaded for 
full support of the proposal which is 
now undergoing study at the Pentagon. 

There was no hint as to when the 
launching of such satellites would be 
carried out, but presumably it wouid 
be many months away. There was also 
no mention of where, if anywhere, the 
Air Force’s WS-117L Pied Piper project 
fitted into the role of helping the Army 
carry out its mission 


Halmos and Nolan 
Join m/r Staff 


Eugene E. Halmos, Jr., and Ray- 
mond M. Nolan have joined the m/r 
staff as managing editor and electronics 
editor, respectively. Halmos for the past 
16 years has been managing editor and 
senior editor of ENGINEERING NEws- 
RECORD magazine, a McGraw-Hill 
publication. He will join m/r on Febru- 
ary 17 and serve under Erik Bergaust, 
executive editor. 

Mr. Halmos was a newspaperman 
before joining ENR in 1941 as manag- 
ing editor. Eight years later, he became 
| senior editor, In 1957 ENR was the 
fifth largest business paper in the coun- 
try in terms of advertising linage. Dur- 
ing World War II he was a navigator 
in a B-24 group of the 8th Air Force 
based in England and spent several 
years in a German prison camp after 
being shot down over enemy territory 





Mr. Nolan, who joins m/r as elec 
tronics and guidance editor, comes 
from Ford Instrument Co. Division of 
Sperry Rand Corp., where he was as 
signed to the Missile Development Di- 
vision. Before joining Ford, he was a 
technical writer for the Air Force, and 
served as a member of the technical ad- 
visory group to the Imperial Iranian 
Air Force for two years. 

Henry P. Steier continues as elec- 
tronics contributing editor of m/1 


Mystery Shrouds Thiokol 
Merger Possibilities 


Thiokol Chemical Corp., one of the 

| nation’s largest solid-propellant rocket 
| manufacturers, is increasingly the sub- 
| ject of merger rumors. First reports, 
some months old, concerned negotia- 
| tions—a possible stock transfer—be- 
tween Thiokol and Diversey Engineer- 
| ing Co. This apparently fell through. 

More recently, rumors circulating 

financial circles have had (1) Thiokol 
buying Atlantic Research Corp.; (2) 
General Dynamics Corp. buying Thio- 
kol; and (3) a tie-up (undefined) be- 
| tween Thiokol and Thompson Products, 
| Inc. 
| Efforts to confirm or quash these 
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rumors by contacting the principals 
have failed. The continued reports, 
however, are significant. Thiokol is 
known to be desirous of close associa- 
tion with a hardware source. In addi- 
tion, Thiokol has long had an interest 
in attaining a prime systems capability. 
For example, Dr. Hal Ritchey, Thiokol 
technical director, has developed a num- 
ber of satellite and moon-rocket proj- 
ects utilizing on-the-shelf solid-propel- 
lant rockets. 


House Group Reports Out 
Missile “‘Gap”’ Money Bill 


With dissatisfaction expressed over 
the inadequacy of the amount, the 
House Appropriations Committee fa- 
vorably reported the President’s $1.3- 
billion supplemental appropriation re- 
quest for fiscal 1958. Next step, almost 
automatic in this case, is approval by 
the House. 

The committee filled in what it 
considered to be some “gaps,” mainly 
involving the Army missile effort. The 
supplement as approved by the com- 
mittee would provide for $40 million 
to start the Redstone follow-on solid- 
propellant missile, not recommended 
in the President’s message. The report 
also recommends that a portion of the 


Defense Department’s $100-million | 


emergency fund be used to accelerate 
the Nike-Zeus anti-missile missile pro- 
gram. It also called for a Titan speedup 
from the same source. 


The subcommittee observed that 
the money “is an advance installment 
on the fiscal year 1959 program .. . 

Chairman George Mahon (D- 
Tex.) commented: “The estimates on 
which the bill is based were lifted out 
of the 1959 budget. Except for it, the 
defense dollar budget for 1959 would 
be just that much higher.” 


In approving the supplemental re- 
quest, the committee provided this 
breakdown of general spending cate- 
gories: 

(millions) 


SAC dispersal and alert $218.6 
Ballistic missile detection 329 
Acceleration of Atlas, Thor 

and Jupiter 333.4 


Acceleration of the Polaris and 
missile submarine program 350 
Construction of extra SAGE 
communication center 29 
The committee also authorized the 
Secretary of Defense to transfer $118 
million to the still nonexistent Ad- 
vanced Research Projects Agency. 


The committee report reflected the 
liberal new attitude toward military 
spending that has developed on Capitol 
Hill since Sputnik. At one point the 
Presidential request was called “mini- 
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Why this 
CRITICAL VIBRATION TEST EQUIPMENT 


uses HELI-COIL screw-tock inserts 


—to hold parts securely 
under extreme shock and vibration 





*Reg. U.S. Pat. Off. 

Currently the world’s highest force electro-dynamic vibration exciter, 
the MB Model C250, made by the MB Manufacturing Co., is vital 
to government research in today’s air age... has a frequency range 
of 2-500 cps., and a total force output of 25,000 Ibs. It can be adapted 
to operate in chambers where temperatures range from — 100°F to 
300°F and simulated altitudes hit 125,000 feet. 
Test specimens of up to 2190 Ibs., subjected to accelerations of 10 g., 
must be securely held to the unit’s moving assembly. 
The thread assemblies within the vibrator, and joining test speci- 
mens to the unit, are subjected to grueling shock and vibration. Yet, 
even under these extreme conditions, Heli-Coil Screw-LOCK Inserts 
(277 of them) function perfectly ... protect threads against strip- 
ping... hold fasteners securely. 
Meeting military specifications for torque and vibration, this new, 
one-piece stainless steel Screw-LOCK Insert: 

1. positively locks screws against loosening under impact and 

vibration 
2. prevents thread wear, stripping, corrosion, galling, seizing 
3. eliminates the need for lock-nuts, lock-wiring, and other sup- 
plementary locking devices 

4. offers high re-usability on repeated disassembly and reassembly. 
Heli-Coil Screw-LOCK Inserts are available in many sizes, including 
the new miniature 4-40. For further information, write @ 4227 


HELI-COIL CORPORATION 


A Division of Topp Industries, Inc. 
—w ee SS SS SS EE SE Ge SS ee oe ee ce 


HELI-COIL CORPORATION 
2802 Shelter Rock Lane, Danbury, Conn. 


[] Send me complete design data on Heli-Coil Screw-LOCK Inserts. 
(] Who is my local Heli-Coil Applications Engineer? 
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achievement in the anatomy of control 


Meeting ever higher standards for performance and reliability demands persis- 
tent, successful application of new engineering concepts to produce the 
electronic brains, the nerves, the muscles of control. In this continuing evolution 
of the hardware of sense, intelligence and reaction, our measure of success is 
this: Today, United Control equipment, systems and accessories are used by every 
major aircraft manufacturer for the nation’s most advanced missiles, supersonic 


fighters and bombers, and commercial jetliners. 


UNITED CONTROL CORPORATION 
4536 Union Bay Place * Seattle 5, Washington 





Temperature Control Systems « Transducers and Computers « Valves and Actuators 
Flight Control Systems « Cryogenic Devices « Flight Instrumentation 
Servo Systems « Liquid Level Controls « Data Processing and Presentation Systems 


“Anatomie! drawing by permisson Webster's New International Dictionary. 2nd Edition Copyright. 1934, 1939. 1945. 1950. 1953. 1954. 1957, by G OC Merriam Co 
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mal” and the impression was given that 
the appropriations unit is expecting still 
other supplemental requests. The com- 
mittee declared that the Administra- 
tion’s exclusion of the Army from sup- 
plemental funds prompted the subcom- 
mittee to take a closer look at the 
Army’s missile programs. An order of 
Army priority stressed the need for 
funds to finance (1) the Redstone 
follow-on solid-propellant missile, the 
Pershing; (2) Nike-Zeus anti-missile 
missile; and (3) “second generation” 
divisional and corps-type missiles. 
The Army said it would need $11 
million for acceleration of the Nike- 


| Zeus. The committee said this should 


be furnished from the emergency fund. 
Authorized for transfer from the mili- 
tary personnel account for R&D and 
procurement was $40 million for the 
Redstone successor and for Lacrosse, 
Little John and Sergeant second-genera- 
tion work. 

For the Navy, the subcommittee 
allotted $350 million for the Polaris 
missile and submarine program. Testi- 


| mony confirmed that the Navy is ad- 


vancing on the Polaris as fast as the 
“state of the art” will allow. 

Air Force “procurement other 
than aircraft” was increased by $360 
million, bringing the amount available 
in FY 1958 in this account to $1,531.5 
million. Funds are projected this way 
$20 million, acceleration of A/flas 
ICBM operational capability; $171 mil- 
lion, acceleration of Thor and Jupiter 
operational capability; and $169 mil- 
lion, acceleration of ballistic missile 
defense capability. 


Quantum Rockets 
Available by 2000? 


In forty years man will be using 
quantum rockets “moving with the 
speed of light,” according to a Russian 


| scientist. Prof. G. I. Babat made the 


prediction in answer to a question by 
the editors of the Moscow magazine 
ZNANIE-SILA. 

In the same article Engineer V. 
Zheltenkov forecast a new kind of fuel 
for rocket planes which would be “ob- 
tained from air” by 1998. 


Grand Central Rocket, 
Tennessee Gas Merge 


C. E. Bartley, president of the 
Grand Central Rocket Co. of Redlands, 


| Calif., has announced that the Tennes- 


see Gas Transmission Co., Houston, 
Tex., has signed a letter of intent to 
acquire an interest in Grand Central 


| and that final negotiations are nearing 


completion. 
Grand Central, originally a division 


| of the Grand Central Aircraft Co., 
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Glendale, Calif., was organized as a 
separate company in 1954. In addition 
to classified projects, they participate 
in such missile programs as the Army’s 
Dart, AF’s HTV (hypersonic test ve- 
hicle), the Vanguard third-stage engine, 
and the third and fourth stages of Proj- 
ect Far Side’s vehicle. 

Tennessee Gas is the country’s 
largest transporter of natural gas, op- 
erating a system with more than 9000 


miles of pipeline. They are also in the | 


oil-producing and synthetic rubber busi- 
ness. 
Mr. Bartley said that primary rea- 


son for consolidation was that further | 


expansion calls for very substantial 
financial investments. He said the con- 
templated programs were classified but 
that they would be carried out in the 
Redlands area 

“Patently,” he added, “there will 
be increased employment and a greater 
payroll as we get into these programs.” 


Jupiter On Schedule 
Chrysler Claims 


In reply to rumors that Chrysler 


Corp.’s decision to fabricate as well as | 
assemble the ballistic shell of the Jupi- | 


ter was delaying delivery of both Thor 
and Jupiter, a Chrysler spokesman told 
m/r that the firm is fabricating Jupiter 
to assure that production schedules 
would be met. He also said that Jupiter 
production is on schedule. 


Rumors circulating Washington | 


claim that because the Chrysler de- 
cision would hold up Jupiter produc- 


tion, Thor deliveries would be held up | 


to match Jupiter one for one. 
In the case of the Redstone, 
Reynolds Metals Co. is the fabricator; 


Chrysler, the assembler. For a while it | 


had been assumed that the same pro- 
cedure would be used for Jupiter. 

Meanwhile, Chrysler also reports 
that it is not going to build a large 
production plant at Huntsville, Ala., as 
previously suggested 


West Germany and France 


Sign Missile Pact 


A formal agreement has been 
signed between West Germany and 
France concerning the operation of the 
joint French-German institute for the 
development of guided weapons. This 
institute has been located for several 
years at St. Louis in Alsace. In 1956 
Germany contributed 9 million marks 
to the institute and a further 4.5 million 
in the 1957 budget. The scientific di- 
rection of the institute is in the hands 
of Professor Schardin, a German bal- 


listics expert who was active in the | 
, , . : 
Volkenrode establishment in Germany. | 
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incorporate a potentiometer of infinite 
resolution, offering to all missile and aircraft 
telemetering and control instrumentation 


unexcelled resolving power 


The miniaturized transducers are available 
in ranges between 15 and 300 psi 
in gage, differential or absolute configurations 


and for use at temperatures up to 300°F 


RAHM INSTRUMENTS 


DIVISION OF AMERICAN MACHINE AND METALS NC 


65 Rushmore Street, Westbury, N. Y 
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AMPLIDYNES with high gain, high speed 
response control antenna, missile-loader, 
similar drives. 1200-3600 rpm, .05-.2 sec. 
response, 2000:1-22,000:1 gain, 1.5-40 kw. 


SS Mrs 





PACKAGED ground power units supply 
low-voltage d-c power in single generators 
or m-g sets. Typical ratings: 265/500 amp, 
500/1000 amp, 1000/1500 amp, at 14-35 v. 


ELECTRIC TRUCK.-TYPE motors operate from 
low-voltage power. Used in missile-han- 
dling, pump, mechanical drives. 4-35 ft.-lbs. 
torque, 12-80 volts d-c, 600-2500 rpm. 


AIRBORNE and ground power generators 
are air, oil, vapor, or self-cooled. 30 v. d-c; 
115-480 v. a-c, single or 3 phase. 3000- 
24,000 rpm, 3-160 kw, 400-1600 cps. 


COMPENSATED MOTORS provide high linear 
torque output... ideal for antenna and 
missile-loader drives. 1-500 hp, 400-5000 
rpm, ct/amps up to 500% load torque. 


GEARLESS LOW SPEED motors power direct 
antenna drives. 0-8 rpm at 50-150 v., typical 
rated torques to 750 foot-pounds, peak 
torques to 2500 foot-pounds and higher. 


* 
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General Electric 
Offers Dependable D-c 
Components for Your 
Rocket and Missile Systems 


These are typical of a wide variety of d-c motors and generators supplied 


by General Electric for missile and rocket systems. 


EXPERIENCED DESIGN ENGINEERS and complete manufacturing facilities 
are available to produce d-c equipment to meet your special requirements. 


FIND OUT how General Electric can help you. Contact your nearest G-E 
Apparatus Sales office. A new publication, GED-3343, describes how General 
Electric is equipped to design and manufacture special d-c motors. For a 
copy, write Direct Current Motor and Generator Department, Erie, Pa. 


814-4 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 


KINAMATIC* motor-generator sets; 1-150 
hp motors, 1-100 kw generators used for 
normal d-c power requirements. NEMA 
frames 186-505, all standard NEMAspeeds. 


Circle No. 136 on Subscriber Service Card. 


GENERAL ELECTRIC ENGINEERS with wide 
experience in designing and applying direct- 
current equipment are working on many of 


today’s missile and rocket programs. 
*Trademark of General Electric Co. 
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Russia’s major launching complex 
at Kapustin Yar, near Stalingrad, has 
been pinpointed by U.S. radar from 
several sites along the Soviet Union's 
southern border. The base, which has 
the functions and facilities of Cape 
Canaveral but the physical character- 
istics of White Sands, N.M., is the 
one from which both Sputnik vehicles 
and ICBMs are launched. Air Force 
radar has been monitoring the launch- 
ing of large vehicles at this base from 
radar sites at Samsun, Turkey, in the 
Elburz mountains north of Tehran, 
and a third position north of Meshéd, 
Iran. 

These locations make it possible 
to pick up the missiles as they reach 
an altitude of 35 miles over Kapustin 
Yar, while they are still rising verti- 
cally, and track them along the entire 
southern test range, which extends 1500 
miles into the uninhabited desert north- 
east of Lake Balkash. The entire range 
extends over uninhabited areas and 
roughly parallels the southern frontier 
of the country. This makes it possible 
to keep the range under surveillance 
from Turkey and Iran, using the long- 
range radar developed for the Air 
Force. 

The distance from Samsun to 
Kapustin Yar is less than 700 miles, 
and from the Elburz mountains to the 
Russian base, 875 miles. The site north 
of Meshéd is in a range of mountains 
rising to 10,000 feet, which forms the 
southern border of Russia. From this 
mountain range to the missile test 
range the terrain is flat and the effect 
is similar to that of looking down 
from the top row of a football stadium. 
From this last location, the entire 
downrange section of the test area can 
be monitored. 

(The situation is not unlike that in 
this country, where the Air Force Mis- 
sile Test Center at Cape Canaveral is 
monitored on occasion by the Millstone 
radar at Westford, Mass.) 

The Soviet missiles are first de- 
tected when they soar above 35 miles 
altitude, still rising vertically. A fix is 
obtained by the Samsun and Elburz 
radars at this point and then the missile 
is followed down the length of the 
range. Data on performance is then 
sent back to the Pentagon. 

The launching site itself is located 
on the edge of a semidesert east of 
Stalingrad and downriver on the Volga. 
Despite the apparently illogical setting 
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Kapustin Yar Serves as Russia’s Cape Canaveral 


by Frank G. McGuire 


for such an installation, Kapustin Yar 
is well-suited for its role. The huge in- 
dustrial center of Stalingrad, with its 
rail, air and water transportation facil- 
ities, its heavy industry and electronics 
plants, is only 60 miles from the 
launching base. 

The actual launching area, how- 
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ever, is on the edge of the sparsely in- 
habited semidesert of the Caspian de- 
pression, East of Kapustin Yar there 
stretches a generally uninhabited area 
of the USSR that is largely desert and 
mountains. However, in order to launch 
the Sputnik vehicles from this site, which 
the Soviets did, it was necessary to 


RATE GYROS _ 
S 


DESIGNED 10 
YOUR REQUIREMENTS 


DAMPED 
VERSATILE 
PROVEN IN FLIGHT 
LOWER COST 


Wherever your aircraft and missile planning calls for a rate gyro, 


specify R. C. Allen . . 


. proven in flight countless times over. Pro- 


totypes are designed to your specific requirements and sent on con- 


signment for your evaluation. Volume production facilities are under 


strict air pressure and cleanliness conditions, R. C. Allen damped rate 


gyros meet environmental specifications of MIL-E-5272A. 


27 Require 


no heater for damping from .2 to 500 times critical, with temperature 


compensation from 


55°C to *80°C. Small, efficient, hermetically- 


sealed and sturdy. Write or call for complete information. 


TURN AND BANK INDICATOR 
STANDARDIZED FOR LOWEST COST 


Always specify standard R. C. Allen 
Turn and Bank Indicators, built under 
most rigid quality control according to 
government specifications MIL-I-7805, 
MIL-I-7805A, MIL-I-7627A, and MIL-I- 
5488, and to CAA TSO-C3a, AS395. 


R.C.Allen Aircraft Instrument Company 


Division of R. C. Allen Business 





Machines, Inc. 


664 FRONT AVE., S. W., GRAND RAPIDS 2, MICHIGAN 
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balanced armature relays 
help you solve electronic 
circuit problems 


BALANCED 
ARMATURE 
DESIGN 





First proven in all types of advanced 
aircraft, Leach Balanced Armature relays GQ ay 
are now solving the most exacting problems 
for systems designers. Exclusive balanced 
armature design eliminates faulty operation 
of contacts due to vibration and shock forces. 
Bifurcated contacts assure high reliability 
in contact-making circuits. You'll find that 

BIFURCATED 
these unique relays outperform all other CONTACTS 
types in resistance to shock, acceleration 


and vibration. 


9220... Balanced 


Armature relay. Rec- 
tangular configura- 
tion... with a variety 
of mountings and 
terminals available. 
Hermetic sealing is 
100% tested by mass 
spectrometer. 





Typical Ratings 
Normal operating voltages—6-115 vde, 115 vac 
(400 cycle), 4 PDT. 
Contact ratings @ 28 vde or 115 vac single-phase 
Resistive — 3 amp @ 120°C 
—5 amp @ 85°C (de only) 
Inductive — 1.5 amp @ 85°-120°C 
Motor Load — 1.5 amp @ 85°-120°C 
Rated duty — continuous 
Minimum operating cycles — 100,000 
Weight — 0.25 to 0.30 Ibs. 
Shock — 50 G's 


Vibration — 10 G’s, 0-500 cps 
Applicable specifications — MIL-R-6106B, 
MIL-R-5757C 
Also available in units to meet the minimum 
current requirements of MIL-R-6106C 
We invite other special requirements such as 
microamp switching, high vibration and special C 0 R p 0 R A TI 0 N 


mountings. 
Leach Relay Division 


5919 Avalon Boulevard 
Los Angeles 3, California 





See for yourself 

Write today for your copy of the 
Leach Balanced Armature Catalog J 

describing relays for electronic SEGVtaa 

and missile applications. 


District Offices and Representatives in 
Principal Cities of U. S. and Canada 
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direction, taking them over more popu- 


LEACH ‘ guide the vehicles in a northeasterly 
proven reliable hardware. 


lated areas. This was apparently a safe 
maneuver since the Russians were using 


The second-stage separation oc- 
curred over the area of the West Kazakh- 
stan border near Aleksandrov Gay, and 
the third-stage separation occurred over 
the central Ural mountains west of 
Sverdlovsk. This latter region is more 
heavily populated than the southern test 
range, but insures that any failures oc- 
cur over Soviet territory, rather than 
that of another country which might be 
tied to the United States. 

This Sputnik test area is the same 
as that used to test the ICBM, which 
impacts on the Anadyr peninsula. The 
danger of a missile accidentally im- 
pacting in a nondesert area is about as 
serious as one of our missiles landing 
on one of the islands along our test 
range in the south Atlantic Ocean. The 
greatest portion of the Soviet range is 
in Siberia and tracking stations have 
been set up to keep tabs on test 
launchings. 


Atlas, Thor, Jupiter 
Now Ready, Says Snyder 
Murray Snyder, Undersecretary of 
Defense for Public Affairs, has stated 
that the United States now has three 
long-range missiles “ready to put in the 
field.” He referred to Jupiter, Thor 
and Atlas during a speech in Cleve- 
land, and later qualified the statement 
by saying that the Thor and Jupiter 
IRBMs will be in the hands of field 
troops “sometime this year.” He added 
that the Atlas will be operational by 
the end of 1959. 


Marconi Insts. Moves 
to Larger Facilities 


Marconi Instruments has moved 
from New York City to larger quarters 
in Englewood, N.J. Company’s new 
plant has demonstration rooms and in- 
creased space for engineering and 
shipping. 


M-H Missile Division 
Opens February 1 
Minneapolis-Honeywell Regulator 
Co. recently announced the formation 
of a Missile Equipment Division to 
consolidate the company’s interests and 
activities in missile ground facilities. 
The new division will be located in 
Pottstown, Pa. and will be housed in 
a newly leased 150,000 square foot, 
former aircraft engine plant. 
Equipment to be manufactured 
was described by M-H as automatic 
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® MINIATURE AND POWER CONNECTORS 


® MAMMOTH CAPACITY 
® COMPACT UNIT DESIGN 


Here it is! The extension of “FBI” (Floating Body Isolation) screw locking 
units to multiple modular design allows for dependable expansion of number of 


contacts within one die cast frame. Rapid and simple engagement or disengage- ‘r 


ment with no chance of damage to molded units. 


@ Unparalleled vibra-shock protection @ Melamine, — and diallyl P 
- phthalate molding compounds 
@ Up to 250 contacts per unit ec er ene sneer OP 


© Superior performance dependability _@ Connectors meet or surpass 
®@ Double-lead screw locking action @ MIL-Q 5923B and MIL-C 8384 specs 


Your specific inquiries will be given prompt attention. 
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Individual Initiative and Coordinated Teamwork 


One of the unique characteristics of the Jet Propulsion 
Laboratory is its ability to provide a high degree of individ- 
ual initiative and responsibility for its outstanding staff of 
engineers and scientists. At the same time each man is 
fully aware that his personal contribution is part of and 
keyed to the whole integrated teamwork of the Laboratory 
on ail aspects of entire missile systems. This is an impor- 
tant preference factor in the choice of JPL as a work 
activity center. 

The research and development contract on which JPL 
works with the U.S. Army Ordnance Corps has many 
ramifications and requires a constant search for new 
approaches to modern technical problems. This excep- 
tional activity provides unusual career opportunities for 
qualified individuals. 

















JOB OPPORTUNITIES NOW IN THESE FIELDS 

SYSTEMS ANALYSIS + INERTIAL GUIDANCE + COMPUTER EQUIPMENT 
INSTRUMENTATION + TELEMETERING + FLUID MECHANICS + HEAT 
TRANSFER * AERODYNAMICS «+ APPLIED PHYSICS + PROPELLANTS AND 
MATERIALS RESEARCH U. S. CITIZENSHIP REQUIRED 














JET PROPULSION LABORATORY 


A DIVISION OF CALIFORNIA INSTITUTE OF TECHNOLOGY 


= 


PASADENA ®* CALIFORNIA 











control systems for ground facilities 
involving several prominent U.S. mis- 
sile programs. Identity of the missile 
programs was not disclosed but com- 
pany officials said that engineering, de- 
velopment and prototype manufactur- 
ing had been going on for some time. 

Employment level was estimated 
at 150 by the end of 1958 with a 
future total of 400 or more. 

M-H vice president H. F. Dever 
announced that Marshall B. Taft would 
be general manager of the new divi- 
sion. The Pottstown installation marks 
the 34th plant for M-H which has 
facilities in 10 states and five countries 


Soviet IRBM Bases 
Cover NATO Flank 


An increasing number of reports 
are being received about the construc- 
tion of Soviet IRBM bases in Bul- 
garia and Albania, designed to provide 
launching capabilities against NATO 
forces in that southeastern corner of 
Europe and throughout the Mediter- 
ranean. Almost the entire Mediterra- 
nean area, including many of our SAC 
bases in North Africa are within range 
of these weapons. 

Soviet technicians are in the two 
countries supervising construction of 
the five bases and training personnel of 
the satellites’ armies in use of the 
missiles. 


Giannini Produces 
Workable Ion System 


Giannini Research Laboratory, 
using helium gas as a working fluid, 
has achieved specific impulse ratings of 
600 seconds with an ion propulsion 
system. Working with other ionized 
gasses, such as hydrogen, the laboratory 
feels that much higher figures can easily 
be produced, and a rating of at least 
1000 can be obtained with helium by 


increasing the input energy. 


The plasma jet used by Giannini 
developed temperatures in excess of 
10,000°K (17,500°F). Continuous run- 
ning plasmas were used in the experi- 
ments. 


Chrysler Forms 
New Missile Division 


Chrysler Corp. has announced the 
formation of a separate missile division 
which will be responsible for the com- 
pany’s participation in development, 
engineering and production of Red- 
stone and Jupiter missiles. The new di- 
vision was formerly known as Missile 
Operations. 

Chrysler’s announcement came 
only three weeks after the award of a 


rockets 
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new $52-million contract for Redstone 
and Jupiter missiles. 

T. F. Morrow, vice president and 
group executive for defense and special 
products, said: “Organization of a sep- 
arate missile division is a result of our 
increased participation in the nation’s 
missile program.” He concluded with 
the statement that Chrysler has been 
associated with Redstone since 1952 
and with the Jupiter since 1956. 


Soviet Subs Active 
in Western Pacific 


The Navy has revealed that Soviet 
submarines are cruising more and more 
openly in Far Eastern waters near our 
oversea bases in that area. However, 
it was emphasized that the submarines, 
which the Navy “assumes” are armed 
with missiles of several hundred miles 
range, have not violated any territorial 
limits and certainly have every right 


of AF IRBM Launching Site 


Mockup 
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to be where they are, The Navy was 
commenting on a story that Soviet subs, 
capable of launching nuclear missiles, 
have been sighted on at least three sep- 
arate occasions in the area. 


Industry, Services Aid 
Amateur Rocketeers 


Slowly but surely some effort is 
being made to organize and help the 
rocket and missile engineers of tomor- 
row who are amateurs today. Industry 
now contributes money and manpower 
—the former in the form of checks to 
aid local projects, the latter in the form 
of the spare time of its engineers and 
scientists who guide and monitor proj- 
ects. For example, the National Capital 
Section of The American Rocket So- 
ciety recently contributed $100 to a 
Wakefield High School project, where 
Diversey Engineering has also agreed to 
supply a static test stand. for the 
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Mockup of THOR IRBM operational launching site at Douglas’ Culver City, Calif., plant. 
Missile is positioned on erector-transporter with its umbilical lines connected in a simulated 
launching countdown. THOR's operational nose cone can be seen at left. Guidance vans 
are upper center; liquid oxygen and helium tanks are behind missile; helium tanks are left of 





nearest revetment; and fuel storage tank is seen at lower right. 
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for mobile’ 
and portable 


military shelters 





@ designed and produced in accord- 
ance with military specifications for 
space, equipment and personnel heat- 
ing requirements. 


@ 5 basic models — each custom- 
engineered for a wide variety of 
applications — for ground control 
and maintenance equipment in mis- 
sile systems, radar, microwave and 
radio communication systems, etc. 


@® BTU/Hour range: from 15,000 to 
60,000. 

@ multi-fuel-burning models; also 
models which burn any type gasoline. 


@ all models air-circulating, thermo- 
statically controlled, all designed for 
cold starts as low as — 65°F. 


Other Hunter equipment for military 
applications: engine heaters; unpow- 
ered, instant lighting torches; refrig- 
eration units. 


for complete 
specifications 
and details 


= 


MH-166 “Hunter 
Engine Heaters” 


GET 
THESE 


BROCHURES 
TODAY! 





MH-162 “Hunter Space 
and Personne! Heaters’ 






MH-167 “Hunter 
Instant-Lighting 
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Houdaille... 


for vibration control and 
power equipment 


Need direct rotary torque output for a small envelope ? 
Looking for a practical solution to control-surface vibration ? 
Whatever your requirements for hydraulic or vibration- 
control applications, Houdaille is your best source. The 
items shown here are typical of recent Houdaille designs 

— application-engineered for dependability and performance. 


WRITE FOR TECHNICAL BULLETINS giving complete 
descriptions and specifications. 


oudaille 
ndustries inc. 


BUFFALO HYDRAULICS DIVISION 
537 EAST DELAVAN AVENUE e¢ BUFFALO 11, NEW YORK 
Circle No. 128 on Subscriber Service Card. 








group’s small rocket motors. Aerojet- 
General and others have made similar 
contributions. 


Meanwhile, the military—Army, 
Navy and Air Force—have all taken 
steps to supply these groups around the 
country with firing range facilities. 
Army, for example, through the efforts 
of Lt. Col. C. M. Parkin, Engineers 
Research and Development Laboratory, 
Fort Belvoir, has on several occasions 
made the facilities of Fort A. P. Hill, 
Va., available for Saturday firings. This 
facility has a range extending up to 30 


| miles. 


Similarly, Navy has permitted some 


| amateur firings from its Wallops Island 


range in Virginia. For the Air Force, 
Kendall K. Hoyt, executive secretary of 
Associated Missile and Rocket Indus- 
tries, a trade association of missile and 
rocket manufacturers, is striving to get 
the Air Force and/or the Department 
of Defense to sponsor a national pro- 
gram for organizing amateur rocketeers 
on a national level. 

The object of these efforts is two- 
fold: to generate interest in the field, 
and to see that all amateur rocket work 
is monitored closely enough so as to 
prevent serious accidents. Already a 
number of states have passed laws out- 
lawing the firing of amateur rockets. 


AFOSR Symposium 


Set for April by IAS 


The Institute of Aeronautical Sci- 
ences will sponsor its Second Annual 
AFOSR Astronautical Symposium April 
29-30 in Denver, Colo. The symposium 
will cover such subjects as space en- 
vironment; vacuum-chamber research; 
control and propulsion of vehicles; de- 
parture, space navigation and re-entry; 
and the moon. A panel discussion will 
assume a capability for a manned space 
operation to discuss the question: “For 
what purposes should a manned space 
operation be utilized?” A report on 
Far Side will also be made. 


AMF Will Close Boston 


Electronics Plant 





The Boston electronics plant of 
American Machine and Foundry Co. 
will be closed and its work assigned 
to AMF facilities at Greenwich, Conn., 
and Pomona, Calif. 

Dr. Wendell P. Sell, formerly gen- 
eral manager of the Boston operation, 
becomes division vice president with 
headquarters in Pomona, where Asso- 
ciated Missile Products Corp. will be- 
come a unit of AMF’s electronics op- 
erations. Associated Missile Products 
Corp. was formerly a subsidiary of 
AMP. 
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by Elizabeth Oswald 


THERE WILL BE A LONG HARD FIGHT to make the Advanced Research 


Projects Agency an operating arm of the Office of Secretary of Defense. 
The following objections to the agency are being heard with increasing 
frequency from the Air Force and the Navy, as well as from industry: 
It would represent a duplication of effort, interpose a new layer which 
would increase the difficulties of communication and delay the making 
of decisions, and increase the drain on existing pools of scientific man- 
power. 


AIR FORCE AND ARMY ARE STUDYING the implications of Defense 


Secretary Neil McElroy’s decision which gives the job of developing 
the missile detection system to the AF and the job of developing the 
anti-missile missile to the Army. Opinions range from the belief that 
the decision has no impact on the basic mission of the AF to provide 
air defense, to the belief that in essence the decision turns over the 
principal responsibility for air defense to the Army. 


Still another group argues that since the safety of the United States is at 
stake, at least as much effort should be provided for defense weapons as 
has been provided for strategic weapons. They add that a very real 
danger exists as a result of the decision to rely on the potentials of a 
single anti-missile missile, without the back up provided by the develop- 
ment of an additional system. 


PRESENT ESTIMATES INDICATE that currently planned squadrons of 


intermediate-range ballistic missiles will consist of 15 missiles at an 
estimated cost of $41 million a squadron. The figure does not include 
development costs, missile warheads or land acquisition and training. 
In the case of the ICBM, plans call for 15 missiles on station at an aver- 
age cost per base of $290 million, exclusive of missile warheads, land 
acquisition and training. 


Because a solid-propellant successor to Thor and Jupiter is being 
planned, the indications are that Defense Department may not au- 
thorize the production of “very large quantities of these missiles,” 
according to Defense Secretary Neil McElroy. 


AF IS PUSHING HARD for permission to accelerate the Titan program. It 


wants about $29 million in additional funds for this purpose in fiscal 
1958 and an additional $100 million in fiscal 1959. Accelerated develop- 
ment of the Titan boosted for use with the X-15 research plane would 
speed the development of manned missiles or satellites, according to 
testimony offered to the House Defense Appropriations Subcommittee. 


MISSILE DETECTION SYSTEM will be a $721-million program. Radio Corp. 


BELL 


of America is the prime systems contractor, with General Electric and 
Western Electric participating. Three sites are to be provided for missile 
detection, one of which will be in Canada. System is predicated on de- 
velopment of high-powered transmitters necessary to obtain a detection 
range of 3000 miles. First RCA contract is expected to be just under 
$500 million. 


AIRCRAFT CO. is making an air-to-surface guided missile for the Con- 
vair B-58 Hustler. The missile is apparently a new one, and not a modi- 
fication of the Bell-built Rascal which is to be carried by the B-47 
medium bomber and for the time being by the B-52. Existence of the 
missile is confirmed by Maj. Gen. Bernard A. Schriever, chief of the AF 
Ballistic Missile Agency, and ends speculation as to the purpose of the 


pod which the B-58 carries. 
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ENGINEERS AND SCIENTISTS 
NEEDED FOR 


ADVANCED MISSILE PROJECTS 


The continuing expansion program at Lockheed Missile Systems’ California 
facilities creates many new positions for those who qualify. The challenge — 
exciting work on the air weapons of tomorrow. The rewards— good salary and 
the opportunity to advance with a growing company. Openings for qualified 
personnel are in the areas of: 


COMPUTERS | 
. SYSTEMS ENGINEERING | 

RADAR | 

TELEMETERING 

ELECTROMECHANICAL DESIGN 

COMMUNICATIONS 

TEST EQUIPMENT DESIGN 

INSTRUMENTATION 

STRUCTURES ENGINEERING 

NUCLEAR PHYSICS 

MECHANICAL ENGINEERING 

ANTENNA DESIGN 

AERONAUTICAL ENGINEERING 

OPERATIONS RESEARCH 


You are invited to address your inquiry to the 
Research and Development Staff, Sunnyvale 7, California. 


Jbl \ MISSILE SYSTEMS 


— 
A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 





SUNNYVALE * PALO ALTO + VAN NUYS, CALIFORNIA 
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Astrionics 


by Henry P. Steier 


On the day before Christmas, U.S. satellite tracking stations were 
alerted for the appearance of Sputnik Il] or on Christmas day, USSR 
moon rocket I. Secret information was apparently available that the 
Russians were ready to try a holiday “coup.” Looks as though the at- 
tempt failed, indicating others, too, have problems. 

o 

United Nations source reports a satellite conversation with a 
USSR representative to the UN Assembly. The Russian was asked how 
many tries his country had made before they got Sputnik I up. “Perhaps 
30,” was the reply. Pentagon sources say they know of 16 tries. So, it 
could be that the U.S. has a long way to go. 

° 

Project Vanguard planners expect the Russians will stick with 
their 20- and 40-megacycle frequencies for satellite transmissions. 
Wherever the U.S. real estate situation permits use of the much larger 
area needed for suitable 20- and 40-mc tracking antennas, we are put- 
ting them in. Tracking station unit going to Union of South Africa will 
be equipped with the lower frequency antennas for tracking Russian 
signals as well as the 108-mc kind we'll use. 

+ 

A unique “weapon system” with which the Russians confront 
us is the Soviet All Union Institute of Scientific and Technical Informa- 
tion. With a staff of 2300 specialists, supplemented by 20,000 students 
and engineers who act as part-time translators and abstractors, its func- 
tion is to make available to the entire Soviet technical community in- 
formation from 10,000 journals published in 80 countries. 

This information comes from Stanford Research Institute, which 
says no comparable effort exists in the United States nor in the rest of 
the Free World, and that continued vitality of scientific progress may 
demand a solution to the information access problem. We need a na- 
tional technical information center. Prominent U.S. scientists have re- 
portedly said the best way to find out what American science is doing 
is to read the Russian literature. Our technical community is drowning 
in the flood of information and literature it is producing. Situation de- 
mands an organized attack on problem of collection, translation, ab- 
straction, codification, storage and dissemination. 

o 

Marriage of Stromberg-Carlson’s Charactron-shaped beam elec- 
tron tube and the Haloid Company’s Xerox method of rapid printing 
to produce the world’s fastest print-out of computer data ought to be 
a bottleneck-breaker in getting missile data faster. Numbers, letters and 
symbols on the Charactron’s tube face are optically projected onto a 
Xerox printer drum. Result is a 4680-line-per-minute printing capability. 
This is up to 10 times faster than electromechanical printing. 

* 


IRE’s Professional Group on Telemetry and Remote Control are 
thinking about a name change for the group. Present name does not ade- 
quately emphasize control aspects of missiles, it feels, and new name 
might be Missile Electronics and Telemetering or Astronautic Electronics 
and Telemetering. 

. 

That annual institution, the highlight session of the IRE National 
Convention, usually held in the evening, will be devoted this year to 
space electronics. Discussion program is intended to take the electronics 
engineer on a trip through space to describe the environmental problems 
he will encounter. On hand for the panel discussion will be von Braun, 
Ehricke, Stuhlinger and Whipple. 


eee 
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AEROTEST 


expands 
_ missile equipment 
testing facilities 





Now available... 


«AAO, 
Flow Testing 


Aerotest Laboratories 
announces the availability 
of a new closed-loop flow 

test facility, specially 

designed, built and 
operated to handle 90% 
Hydrogen Peroxide in the 
testing of airborne and 
ground missile components: 
valves, pumps, hose 
lines, tanks, couplings, 
disconnects, etc. 


Tests may be run with a 
wide range of flow rates 
and pressures, ambient and 
operating temperatures, 
plus other environmental 
conditions. 


Write, now or peene te 
com 
without obligation. 


Under construction... 


Additional flow test 
facilities to handle many 
other missile fuels 
and oxidizers: 
LIQUID OXYGEN 
ETHYLENE OXIDE 
LIQUID NITROGEN 
LIQUID HELIUM 
FUMING NITRIC ACID 


| 
Test m inquiries 
| now tebe accepted. 
| 
Aerotest — leading specialists 
in complete functional and 
| environmental testing of 
aircraft equipment — now 

expanding facilities to keep 

pace with America’s fastest 
growing industry. Write today 


for illustrated brochure 
of Aerotest services. 


129-11 18th Avenue 


Pt. 56, N.Y. 
Tel INdenendence 1-7272 
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ICKERS. | 


... fee Vanguard Earth Salillils Rocket Vikiicle 


Numerous Vickers miniaturized hydraulic airborne components have 





been successfully developed for missile use without sacrifice of 
their inherent high efficiency and reliability. Representative of the 
“packaged” approach to dependable missile hydraulic power is 
the PFM-3906 constant displacement piston type pump shown here 
mounted on an electric motor. The pump has a theoretical delivery 
of 0.84 gpm at 7400 rpm and 1000 psi with a volumetric effi- 
ciency of 95%. The explosion proof motor has 6.0 in.-lb. torque 
from 6900 to 9000 rpm. The complete package weighs 8 Ib.... 
1 Ib. for the hydraulic pump and 7 lb. for the electric motor. 

The overall length is less than 10 inches. For further 


information about Vickers miniaturized hydraulic components and 





complete packages, ask for Bulletin A-5216. 





7886 


VANGUARD 

















VICKERS INCORPORATED 


DIVISION OF SPERRY RAND CORPORATION 





Aero Hydraulics Division * Engineering, Sales and Service Offices: f 


ADMINISTRATIVE and ENGINEERING CENTER TORRANCE, CALIFORNIA «¢ 3201 Lomita Boulevard ; 
Department 1470 © Detroit 32, Michigan P.O. Box 2003 «+ Torrance, California 


Aero Hydraulics Division District Sales and Service Offices + Albertson, Long Island, N.Y., 882 Willis Ave. 
Arlington, Texas, P.O. Box 213 
Seattle 4, Washington, 623 8th Ave. South 
Washington 5, D.C., 624-7 Wyatt Bidg. 
Additional Service facilities at: Miami Springs, Fla., 641 De Soto Drive 
TELEGRAMS: Vickers WUX Detroit, TELETYPE: "ROY" 1149 e CABLE: Videt 
OVERSEAS REPRESENTATIVE: The Sperry Gyroscope Co., ltd.—Great West Road, Brentford, Middx., England 


ENGINEERS AND BUILDERS OF OIL HYDRAULIC EQUIPMENT SINCE 1921 
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Missile Business 


by Seabrook Hull 


A major missile business problem is corporate planning for the 
future. This involves not only market analysis but such things as future 
changes in government contracting regulations, renegotiations policies, 
the proper balance between commercial and defense business (except- 
ing those companies, of course, which rely 100 per cent on federal 
business), etc. Right now, the missile business is in a complete state of 
flux in every respect. The only thing that is certain is that money for 
missiles, rockets and space flight is in for a major expansion. Along 
what lines and at precisely what rate remains to be determined. 


The shock of Sputnik has now given way to confusion over just 
what must be done and how fast. The Administration remains strongly 
confident of the U.S. position. The consensus of Congress, in contrast, 
is that the United States is still not on the right track. The result of 
this difference of opinion between the executive and legislative branches 
of government is that over the next six months the differences will be 
thrashed out on Capitol Hill with the benefit of the decisions going to 
Congress. To be decided are such things as the balance between mis- 
siles, space flight and “conventional” weapons, R&D, roles and mis- 
sions, other balances between Army, Navy, Air Force and other agencies 
that may be established. 


All of these things affect corporate planning. And, now is the 
time to influence decisions which will set the rules of the game for 
years to come. For example: 


RENEGOTIATION—The present act is due to expire December 31, 
1958. Changes are being proposed now, such as speeding up handling of 
cases and giving small business a better break on rulings. Now is the 
time to make your views known to Congress. 


ARMED SERVICES PROCUREMENT REGULATIONS—Modifications of 
these are being made constantly, but there are signs Congress is going 
to take a really probing, critical look this year to force more advertised 
bids, a better guarantee of performance under contract terms, simpler, 
speedier procedures, etc. Again, if you've got anything to say, say it 
now, before new laws are already enacted. 


PATTERN OF EXPANSION—This, in broad terms, boils down to 
how much money for missiles, space flight and conventional weapons. 
In more detail, it means an analysis of solid versus liquid propellants; 
small rockets against big; preference between passive and active, com- 
mand and integral guidance; future of materials—plastics vs. metals, 
for example—etc. 


Actually, the trends are available but not readily. Technologi- 
cally, they can be traced ahead. But they are subject to political pres- 
sures, too. In this period, more than ever before, make your Washing- 
ton representative work. There’s a lot he can give you if he digs long 
enough and deep enough. The stuff’s there—just buried. 


The proper ratio between defense and commercial business is 
a matter of widely varying opinion. Some companies, such as American 
Machine and Foundry, prefer to hold defense to 20 per cent or less of 
their gross. Others, like The Martin Co., evidence no real interest in 
commercial business at all. There are a great many pro’s and con’s 
both ways. However, a stable and substantial commercial activity is 
probably a good stabilizing factor in the rate of doing business of any 
company—a matter of undoubted interest to the stockholders. More 
on this next month. 


—— 
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pressurization 
problems? 


without 
air compressors or 
storage bottles 


OPERATE TURBINES 


For: APU & APS Systems 
Electric Generators 


ys Pumps 
Air Blowers 


MOVE PISTONS 

For: External Store Ejection 
Missile Stage Separation 
Valve Actuation 
Hydraulic Accumulator 


Operation 
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/ UNION family of high-quality 


for dependable performance ji 


group of UNION High-Quality Miniature 
Special manufacturing techniques are 
used to provide quality relays in large quantities. 
Ultrasonic and jet _— cleaning provide clean 





y|Miniature Relays is designed 
| 


ejin guided missile environments 


Do YOU NEED A RELAY to operate with unusual reliability under severe 
conditions of temperature, shock, and vibration? Or one that functions on 
extremely low “dry-circuitry” loads? For AC or DC circuits? Or special 
applications? You can find almost any miniature relay you need in the 
UNION line. 

UNION Miniature Relays were originally developed for use in airborne 
and guided missile electronic equipment and meet or exceed the require- 
ments of MIL-R-25018, MIL-R-6106C and MIL-R-5757C. Their reliability 
and small size have led to their use in many industrial applications such as 
traffic control systems, computers, resistance welders and other electronic 
equipment. 

Look over the many types of UNION Miniature Relays available, as 
shown here, and write for our Bulletin 1012 containing complete information. 


Outstanding Features 


1. Superior Contacts Standard HI-LO 
contacts permit high loads and low 
loads to be handled at the same time 
in one relay. Dry-circuit contacts are 
available when utmost reliability is 
desired for low-level, dry-circuit loads. 
2. Coil Resistances Available in stand- 
ard case from .9 to 8750 ohms and in 
long case from 1.6 to 13,600 ohms. 
3. Temperature Rating Class ‘‘A’”’ 
—55°C to +85°C; Class “B” —65°C 
to +125°C, 

4. AC or DC Models Nominal operat- 
ing voltages from 1.5 to 160 volts DC; 
115 volts, 60 to 400 C.P.S., AC. AC 


relays incorporate built-in rectifiers 
and have same reliability as DC 
relays. 


5. Types and Mountings All relays 
available in 6PDT or 4PDT models, 
plug-in or solder-lug connections, and 
all the usual mountings. 


6. Special Relays Slow-acting relays 
for applications requiring a differen- 
tial between operate time of various 
relays; Plate-circuit relays which op- 
erate on less than 8 milliamperes; 
Double-coil relays with each coil en- 
abling operation of the relay . . . avail- 
able on special order. 
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a step 
beyond 
push-button 
warfare ! 







The RCA Talos Defense System is the first completely 
automatic land-based system for launching and guiding 
missiles, and utilizes the Talos Missile developed by 
the Applied Physics Laboratory and produced by 
Bendix. The Defense Unit receives target signals from 
remote outposts, analyzes them with regard to number 
of attackers, location, course and speed. Next, com- 
puters determine the logical points of interception, 
order the missiles loaded on launchers, guide them at 
supersonic speed to the vicinity of the target, after 





Tmk(s) & 


Circle Neo. 12 on Subscriber Service Card. 


This Talos launching from the RCA Defense System on Dec. 13, 1957, resulted in direct hit on distant drone plane 





which the missiles ‘lock’ on the target and close in 
for its destruction. All without even the touch of a 
button! The RCA Talos Defense System, with its 
electronic equipment and guidance systems, was 
designed, developed and built by RCA as prime 
contractor, aided by many subcontractors. It was 
turned over to the U. S. Army on October 15, 1957, 
and is a missile milestone, exemplifying the continuing 
determination of American enterprise to secure peace 
with honor and justice. 


RADIO CORPORATION of AMERICA 


DEFENSE ELECTRONIC PRODUCTS 
CAMDEN, N. J. 


missiles and rockets 

















oe missiles and 
FEBRUARY, 1958 rockets 


MAGAZINE OF WORLD ASTRONAUTICS 





missile electronics procurement 
. exceeds $3.5 billion annually 


Hundreds of Firms Entering Field 


by Selig Altschul 


USSIAN SCIENTIFIC advances motive products, heating and venti- tary electronic spending by Depart- 

inevitably are leading the United lation devices and commercial radio ment of Defense at more than $17 
States toward greater emphasis on mis- and TV. There are a multitude of billion for the seven years through 
siles and stepped-up programs in elec- small units (and even larger organi- June 30, 1957. For the fiscal year 
tronics and related activities. This zations) splintered off from giant cor- 1957 alone, more than $3.5 billion 
spells a far higher level of expendi-  porations and proceeding in their own’ is estimated to have been expended 
tures for these items by 1961 than specialized channels, but their sales for this purpose. In this past fiscal 











previously projected by the military. volume remains hidden in privacy. year, more than $1 billion of this 
Air Force, for example, was on One reliable estimate places mili- amount is estimated to have gone 
record before the Sputniks with an 
estimate that its expeditures for mis- Spending Reaches $273 Million in First Quarter 
siles were expected to increase from 
the $500-million level of 1956 to EIA Releases Figures on Missile Electronics Increase 
more than $2.8 billion by 1961. The Military spending for missile electronics totaled $273 million in the 
gain in electronics was projected to first quarter of FY 1958, according to statistics compiled by the Electronics 
almost double, reaching $1.3 billion Industries Association with its recently devised formula to determine that 
by 1961. portion of military appropriations from all major defense procurement 
These figures may now be con- categories spent for electronics. 
sidered low in light of recent develop- Intended primarily to depict trends, and subject to later revision, 
ments. the EIA computation shows the following missile electronics figures (in 
) Of major significance in these millions of dollars) for the first quarters of fiscal years 1955-1958, all end- 
j readjustments is the appearance of a ing September 30: 
host of new companies, large and First Quarter First Quarter First Quarter First Quarter 
small, with no previous formal iden- FY 1955 FY 1956 FY 1957 FY 1958 
tification with the aircraft and mis- $ 59 $115 $205 $273 


sile industry who are making their in- 
fluence felt. 
There are no accurate figures 


Total electronics spending for the same period was: 
Budget Category 











available as to the full measure of SP $238 $299 $213 $340 
} military electronic equipment sales Ships, harbor craft 19 17 17 23 
; volume. Many manufacturers in this Combat vehicles e° 15 26 : I 
. activity are also in basic fields which Support vehicles .. 3 I eames . 
they used as springboards to become Dh. sevadede 59 115 205 273 
interested in electronic-type activities. Elec. & comm, ... 145 168 130 204 
They include companies in business R&D pewccesoses 56 60 65 73 
machines, electrical equipment, auto- Miscellaneous .... 15 10 5 il 
Mr. Altschul is a leading aviation $550 $696 $637 $926 

consultant and analyst. 
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directly into aircraft, another $1.1 Ddil- 
lion into missiles and $880 million 
into electronics and communications. 

It is evident that the growing 
electronics market is vital not only 
to the old-line aircraft company but 
is indeed most attractive to the many 
new entries. 

As with all new “growth” indus- 
tries, where initial spectacular suc- 
cesses have broken through and hold 
forth the hope of even greater tri- 
umphs to come, considerable specu- 
lative interest is aroused. In boom 


periods, this frequently eases the prob- 
lem of attracting speculative funds to 
help finance these new enterprises. In 
such instances, there lurks the hidden 
hope that a new group of engineers 
or scientists may twist the electron 
to radical new adaptations as_ the 
microwave, sonar and radar were in 
their day. Should success crown the 
pioneering efforts, the rewards are in- 
deed rich to those who had the fore- 
sight and courage to get in on the 
“ground floor.” But, while the possi- 
ble gains may be higher, the risks are 





ACF Industries 
Admiral 

Aerovox 

Airborne Instruments 
Aircraft Radio 

Air Products 
American Bosch-Arma 
American Electronics 
American Machine & Foundry 
American Tel. & Tel. 
Amphenol Electronics 
Arvin Industries 

Avco 

Beckman Instruments 
Belock Instrument 
Bendix Aviation 
Bridgeport Brass 
Burroughs 

Chrysler 

Clarostat Mfg. 

Collins Radio 
Columbia Broadcasting 
Consolidated Electrodynamics 
Consolidated Electronics 
Cook Electric 
Cornell-Dubilier 

Craig Systems 
Daystrom 

A. B. Du Mont Labs 
Eastern Industries 
Eastman Kodak 

Edo 

Eitel-McCullough 
Electronics Corp. of America 
Elgin National 
Emerson Radio 
Federal Mfg. & Engr. 
Firestone 

Food Machinery 

Ford Motor 

Freuhauf Trailer 
Gabriel Company 

G. M. Giannini & Co. 
General Dynamics 
General Electric 
General Instrument 
General Motors 
General Precision Lab. 
General Tire 
Goodyear 





Companies in Various Phases of Electronic 
Controls or Missile Activity 


Hercules Powder 

High Voltage 

Hoffman Electronics 
Hycon Mfg. 
International Business Machines 
International Resistance 
International Tel. & Tel. 
Interstate Electronics 
Jerrold Electronics 
Lear, Inc. 

Litton Industries 
Magnavox 

P. R. Mallory 
Marquardt Aircraft 

W. L. Maxson Corp. 
Midwestern Instruments 
Minneapolis-Honeywell Reg. 
Motorola 

Muter Co. 

National Cash Register 
National Co. 
Norden-Ketay 
Packard-Bell 

Parker Hannifin 
Perkin-Elmer 

Philco Corp. 

Pyramid Elec. 

Radio Corp. of America 
Raytheon Mfg. 
Robertshaw-Fulton 
Robinson Aviation 
Sanders Associates 
Sangamo Electric 
Servomechanisms 
Skiatron Electronics 
Sperry Rand 

Sprague Electric 

Square D 
Studebaker-Packard 
Sylvania Electric Prod. 
Tel-Autograph 
Telecomputing 

Texas Instrument 
Thiokol 

Thompson Products 
Tracerlab 

Tung-Sol 

Varian Associates 
Westinghouse 

Zenith 
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even greater under such circumstances. 

Yet, there are quite a few com- 
panies, formed in recent years, who 
have at least established a firm foothoid 
in this new burgeoning industry. 

The facets of missile and weapon 
systems development and production 
are so varied that literally thousands 
of companies have laid claim to be- 
ing engaged in activities in this field. 
They range from companies devel- 
oping countermeasures of a highly se- 
cret nature, down to a prosaic cus- 
tom machine shop. A veritable “jun- 
gle” exists in any attempt to sub- 
ject companies in this field to the 
processes of orderly analysis as is com- 
mon in most established industries. 

The accompanying table of com- 
panies interested in some phase of 
electronic controls or missile activity 
is but a partial list of those engaged 
in this field. Many hundreds more, 
mostly small units, could be added. 
Most of these larger companies have 
numerous other interests, and elec- 
tronic developments for the military 
are but minor sidelines at the moment. 

The fortunes of individual com- 
panies in this group are impossible 
to assess unless it can be ascertained 
with a high degree of certainty what 
importance can be attributed to prod- 
uct lines to be incorporated in mili- 
tary programs likely to prevail. This 
takes some doing. 

In the first place, the course of 
overall programs has been rather 
fluid and will remain so to a large 
degree. Many individual companies are 
precluded from revealing any impor- 
tant details as to the type and volume 
of work which is in the secret area. 
While research contracts hold the 
promise of successful developments, 
they carry little, if any, profit. Their 
main advantage, of course, is to hold 
together skilled research teams. Earn- 
ings of any consequence generally 
come from volume production con- 
tracts. And even when production is 
under way, as new technological de- 
velopments may dictate, programs can 
be cancelled. 

There will be more casualties as 
the industry shakes itself out. And, in 
this process, earnings will have to come 
along to support equity values. In many 
instances these equities are now selling 
at inflated levels—in anticipation of 
market conditions yet to be realized. 

On the other hand, there will 
be other situations where depth and 
perseverance of pioneering research ef- 
forts will lead to profitable produc- 
tion, justifying enhaficed equity val- 
uations now and in the future.* 
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1958 Missile Guidance Roundup 


HE SIGNIFICANT 

guided missile is that it is directed 
or otherwise constrained after release 
and during some portion of its flight 
to the target. There is some tendency, 
while pondering the rakish sweep of 
the airframe and the deafening roar of 
the motor, to forget that the successful 
weapon could not exist without having 
built into it some sort of artificial in- 
telligence. 

Compared to a human being, the 
most sophisticated missile is a mindless 
moron, but in contrast to other human 
artifacts it is fiendishly clever. The tac- 
tical missions of the various missiles 
are well known, as are the various 
helps and hindrances offered by the 
missile’s environment. The differences 
are not completely clear-cut, but all 
missiles may be divided broadly into 
ballistic and aerodynamic. 

As we and our enemies dwell in 
an atmosphere, all missiles, where pos- 
sible, must use the aids that the atmos- 
phere offers (aerodynamic support, oxi- 
dizer extraction, etc.) and evade the 
hindrances (friction heating, electro- 
magnetic attenuation, etc.) that the at- 
mosphere presents. 

The physical globe of the earth 
influences the atmosphere to a certain 
extent and also affects the flight of any 
missile even in the absence of an at- 
mosphere. The earth’s mass presents a 
nominally fixed gravitational reference 
and restraint, and its curvature limits 
ultrahigh frequency radio guidance 
transmission, which is essentially line- 


aspect of a 


The author is chairman of the 
board, General Astronautics Corp., 
New York City, N.Y. 
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a report on 


missile guidance systems 
and industry participation 


by Heyward E. Canney, Jr. 


of-sight. Its imperfect symmetry and 
its motions (notably rotation) influence 
the flight of all missiles, but most seri- 
ously affect the longest range missiles. 
All missile flight paths may be consid- 
ered as portions of a theoretical arc of 
no particular length but which begins 
in friendly areas and ends in those of 
the enemy as shown in Fig. 2. 

In Fig. 2, the composite arc begins 
at the left below the surface of the 





earth, in this case necessarily a water 
surface. It curves upward through the 
air, sometimes into space beyond, and 
eventually back to a point below the 
earth’s surface, which again, is presum- 
ably a water surface. 

At present, one cannot conceive of 
an underwater-to-underwater missile of 
long range, which achieves its mission 
over the aerial route but can only con- 
template intersubmarine combat with 
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torpedoes, and this over the “short 
route.” A _ surface-to-air missile oc- 
cupies an early segment of the arc and 
an air-to-surface or air-to-underwater 
missile, a latter portion of the arc. 

Now, the master concept of all 
warfare is to hit the enemy and destroy 
him in his homeland or as near to it 
as possible. Engagements farther along 
the arc back toward your homeland 
make your battle situation more seri- 
ous. The enemy may hit you at any 
point along the arc; but if the main em- 
phasis is at your end of the arc, you are 
in trouble. 

Recognizing this, both we and the 
Russians are placing heavy emphasis on 
ICBMs and the far ends of the arc. 
Ironically, this also produces frantic 
efforts on the near ends of the arc to 
do something (anti-ICBMs) about a 


weapon which has an excellent chance 
of traveling the entire arc without in- 
terception. 

In summary, the nature of a mis- 
sile may be regarded as follows: A 
destructive payload is to be taken to 
a point and detonated. The payload is 
housed in an airframe which acts as a 
vehicle for it, for the propulsion sys- 
tem and for the guidance and control 
equipment. The vehicle may have wings 
or fins to exploit aerodynamic support 
during part or all of its flight for lift 
or maneuver. Acquisition radar may be 
used at long detection ranges, and 
tracking and commands supplied to the 
missile until it can home in on the 
target with its own equipment, and 
then explode by means of a proximity 
device. The overall philosophy of guid- 
ance depends to a great extent on range 


and on how directly the missile is to 
be supplied with data for commands. 


The Nature of Targets 


Considering the dynamical aspects 
of flight path and expected target lo- 
cations, one or a number of guidance 
philosophies may be used. Although 
such generalizations are tricky, one 
may think of guidance as an intelli- 
gence system designed to draw infor- 
mation from the target directly or indi- 
rectly or from the gross environment, 
either singly or (more often) in com- 
bination. 

Drawing information directly is 
easiest with aerial targets which are 
usually quite distinct from the back- 
ground. This procedure is well-known 
as “homing” and capitalizes on sound 
and such electromagnetic radiations as 



































Table I: GUIDANCE SYSTEMS 
(arranged by mission and type) 
Prime Guidance Guidance Max. Range Logical 
Type Name Contractor Contractor Customer Type (naut. mi.) Warhead 
SAM Bomarc Boeing Westinghouse USAF RC, ARH 300 Atomic 
Hawk Raytheon Raytheon Army RC 22 Explosive 
Nike-Ajax Western Elec. Western Elec Army BR 25 Explosive 
-Hercules Western Elec Western Elec Army BR 50 Atomic 
-Zeus Western Elec Bell Labs Army BR 100 Atomic 
Talos Bendix RCA BuOrd BR, SARH 50 Explosive 
Tartar Convair BuOrd BR 30 Explosive 
Terrier | Convair Reeves BuOrd BR 10 Explosive 
Terrier I! Convair Motorola BuOrd BR 20 Explosive 
AAM Ding-Dong Douglas Hughes USAF Atomic 
Falcon | Hughes Hughes USAF RH 6 Explosive 
Falcon |! Hughes Hughes USAF IRH 6 Explosive 
Genie USAF Atomic 
Sidewinder Philco GE & Philco BuOrd IRH 7 Explosive 
Sparrow | Sperry Sperry BuAer BR 6 Explosive 
Sparrow |! Douglas BuAer BR 7 Explosive 
Sparrow Ii! Raytheon Raytheon BuAer BR 7 Explosive 
ASM Bullpup Martin Martin BuAer RC 20 Explosive 
Rascal Bel! Aircraft Federal USAF RC 100 Atomic 
AUM Petrel Fairchild Fairchild BuOrd RC 20 Explosive 
SSM BALLISTIC: 
Atlas Convair GE USAF RC/1G-stellar 5,000 Hydrogen 
Corporal JPL Gilfillan Army RC 150 Atomic 
Jupiter Chrysler Ford Instr Army IS 1,500 Hydrogen 
Polaris Lockheed GE Navy 1G-stellar 1,500 Hydrogen 
Redstone Chrysler Ford Instr Army IS 200 Atomic 
Sergeant Army IS Atomic 
Thor Douglas AC Elec. USAF IS 1,500 Hydrogen 
Titan Martin Arma USAF iS 5,000 Hydrogen 
AERODYNAMIC: 
Dart ADC Wagner Army Optica! 2 Explosive 
Lacrosse Cornell Federal Army RC Explosive 
CRUISE: 
Matador Martin USAF 1G? 350 Atomic 
Navaho NAA NAA USAF 1G-stellar 5 000 Hydrogen 
Regulus | Vought BuAer 1G? 250 Atomic 
Regulus |! Vought Sperry BuAer 1G? 300 Atomic 
Snark Northrop Northrop USAF 1G-stellar 5,000 Hydrogen 
Triton McDonnell BuOrd 1G? 1,500 Atomic 
Key: Key: 
JPL Jet Propulsion Laboratory ac Radio command 
ADC Aerophysics Development Corp. ARH Active radar homing 
NAA North American Aviation SARH Semiactive radar homing 
RCA Radio Corporation of America BR Beam-rider 
GE General Electric Co. RH Radar homing 
AC Elec AC Electronics Division IRH Infrared homing 
(Div. AC Sparkpiug) IS Inertial guidance 
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light, heat and radio. Currently, infra- 
red (IR) and radar are highly favored. 
Homing systems are of three types— 
passive, semiactive and active. 


Homing Systems 

Passive systems merely absorb 
energy and use this to supply correc- 
tions to the flight path, and have the 
advantage of not telling the enemy a 
missile is coming. Infrared is of this 
type, using the energy radiated from 
exhaust pipes of reciprocating engines 
and the nozzle plume of a jet or rocket. 

Because of the electromagnetic fre- 
quencies involved and the short ranges 
over which such systems work, IR 
guidance systems are light, cheap and 
accurate. Infrared is hard to conceal or 
reduce in radiative intensity, and is 
thought to have an even more spectacu- 
lar future than its present use would 
indicate. 

A compromise with passive meth- 
ods is called semiactive homing. Here 
you supply the radar energy from a 
point outside the missile to bounce off 
the target and back to your missile. 
which is equipped as though the enemy 
were cooperating with you. Your mis- 
sile then homes in on the target in the 
same way as with IR, but at a differ- 
ent frequency. 

The hazard here, however, is that 
while the semiactive homing missile 
does not announce itself any more than 
the passive missile, the source of radar 
energy, without which it cannot operate, 
does announce itself and becomes a 
high-priority target. 

Active homing involves a com- 
pletely self-contained system. The mis- 
sile carries its own source of radar with 
it, takes a chance on being detected and 
shot down, and uses the reflected radar 
energy (from its own transmitter) in 
somewhat the same way as the passive 
system. 

Missiles using homing alone are 
short in range, generally fired at aerial 
targets in salvos and are apt to be 
small and cheap. Whether IR or radar 
is used depends partly on the tactical 
situation and partiy on the weather. 


External Guidance 


Since missiles which obtain their 
guidance information solely from the 
target are limited in range, and it is 
desirable to intercept enemy targets “as 
far back on the arc” as possible, direct 
target-sensing equipment is  supple- 
mented by indirect intelligence. It is 
possible to lengthen the range of a 
surface-to-air missile, for example, by 
increasing the power and complexity of 
its active radar-homing system, but the 
requirement of producing many large 
missiles to counter mass attacks makes 
the idea economically unfeasible. 

Guidance from the point of origin 
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is thus used. Since light and sound are 
seriously limited in range, the remain- 
ing practical agency is active radar, The 
hazard of enemy detection and counter- 
fire is immediately reintroduced. How- 
ever, this is treated by using such strate- 
gems as random timing and frequency 
and electronic countermeasures (ECM) 
to jam enemy radar receivers or cause 
confusion by the illusion of certain ac- 
tivities not really engaged in, and 
through physical dispersion of launch- 
ing and guidance sites. 

The point of origin is likely to be 
on the ground, but may be in an air- 
craft. Guidance from the point of origin 
by radar uses two philosophies—beam- 
riding and radio command. 

Beam-riding is the simpler of the 
two, and involves two radars, one of 


the advantage of placing less strain on 
the maneuvering (and bending) limits 
of the attacking missile, but has the 
disadvantage that only one missile at a 
time may be accommodated. 


Aids to Guidance 

As target ranges get longer, track- 
ing radars must be supplemented with 
other radars—known as acquisition 
radars—to acquire the target. They de- 
tect the existence of a potential target, 
identify it as a dangerous one, and re- 
lay coordinative information to track- 
ing radars, which then know the prob- 
able point at which the target will enter 
their operational distance threshold. 

At extreme ranges, and with ex- 
treme target speeds, several stages of 
acquisition may be used. Radars such 
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Fig. 2—Functional roles of guided missiles by types. 


target. The second receives the target, 
tracks it and provides a path for the 
missile. The point of origin may be sta- 
tionary and the target moving, or vice 
versa. 

In either case the missile is 
launched, maneuvered into the second 
radar beam and, once there, is caused 
by its guidance system to stay within 
the beam. In either case the path of the 
missile will be curved. There is not 
much point in this system if the origin 
and target are both stationary. 

The other major radar-guidance 
type is radio command. It used two 
tracking radars and one command 
radar. Here the target-tracking radar 
works with the missile-tracking radar, 
feeding data into a computer which 
formulates commands to be sent to the 
missile over the third radar. In other 
words, this system observes the be- 
havior of both target and missile and 
decides what is to be done to bring 
them together in space. 

This system is not necessarily any 
better than the beam-riding system, and 
is considerably more complex. It has 


enemy bombers and ICBMs. 

All targets are not aerial. In fact, 
ground targets may be considered the 
most critical targets from the offensive 
point of view. Without their destruction, 
no war can be won. Air-to-surface mis- 
siles are the bomber’s compromise with 
the missile—bombing with a gliding 
propelled bomb steered from the 
bomber. 

The bomber flies most of the way 
to the target, releases the missile at the 
original or alternate target, and remains 
outside the lethal radius of antiaircraft 
fire. The bomber functions as addi- 
tional stages of rocket vehicles. 

Guidance problems occur not only 
over visibility of the target to radar 
or other sensing agencies, but the fact 
that the ground target is by no means 
as distinct from the background as with 
an aerial target. It is more difficult to 
tell whether what has been selected as 
the target actually is what you want. 

Homing systems such as IR, in- 
tended to home on the heat of a fac- 
tory, may be induced by decoy means 
to home in on something else and spare 
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the factory, and so on. Although the 
missile may have radar and other sens- 
ing agencies carried inside, there is 
likely to be quite an array of additional 
equipment in the carrier aircraft to en- 
able human operators to make spot de- 
cisions on how to direct the missile. 


The Ultimate Artillery 

Short-range missiles, designed for 
use against ground targets, may aug- 
ment the artillery philosophy with 
cruciform wings for easy maneuver- 
ability against moving targets like tanks. 
These hybrid birds seem to be half bal- 
listic and half aerodynamic, but are 
here termed “aerodynamic” to distin- 
guish them from other missiles, which 
fly essentially like airplanes. 

Airplane-type missiles are called 
cruise missiles and fly like sophisticated 
“buzz bombs.” They are equipped with 
autopilots, certain devices’ for radio 
command, and may, if they fly for ex- 
tremely long (intercontinental) ranges, 
use automatic stellar navigation. Sum- 
marizing, surface-to-surface missiles 
may be ballistic, aerodynamic or cruis- 
ing types (where “aerodynamic” is 
taken to mean a sort of compromise 
between ballistic and cruise), which use 
the air for support mainly for maneu- 
vering, though these distinctions should 
not be taken literally. 

As an analog to artillery, the most 
immediate problem facing the designer 
of a guidance system is survey, which 
may be anything from accuracy in con- 
ventional battlefield survey to global 
cartography. 

Both extremes have as their ob- 
jective the exact determination of the 
location of the target with respect to 
the launching point. Until this is estab- 
lished with an acceptable degree of pre- 
cision, the idea of a surface-to-surface 
missile, or even the use of conventional 
artillery, is futile. 

In the shorter ranges, this is largely 
a matter of quick and accurate battle- 
field survey, but with the larger ranges 
there is some doubt that an ICBM with 
a perfectly operating guidance system 
would hit the target. The uncertainty 
of the target location is about the same 
as the circular probable error of disper- 
sion of the nominally perfect missile 
sent there. A series of theoretically ab- 
solutely perfect shots might simply dig 
the same crater bigger and bigger at a 
point, say, 11.27 nautical miles east- 
northeast of the target, where nothing 
was in error but the conclusions of the 
best available cartography. 

A cruise missile may be thought 
of as an expendable pilotless bomber 
which flies like an airplane, steadied 
by an airplane-like autopilot, guided by 
airplane-like (but self-operating and 
automatic) celestial navigation, and div- 
ing into the target like a kamikaze. 
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Table Il: DIVISION OF 
MISSILE ROLES BY SERVICE 
TYPE ARMY NAVY AIR FORCE 

SAM | Hawk Talos Bomarc 
Nike-Ajax Terrier | 

-Hercules| Terrier |! 
-Zeus Tartar 
AAM Sidewinder | Ding-Dong 
Sparrows I-VI Falcons |, I! 
Genie 

ASM Bullpup Rascal 

AUM Petre! 

SSM | Corporal Polaris Atlas 
Jupiter Regulus |, I! Thor 
Redstone Triton Titan 
Sergeant Matador 
Dart Navaho 
Lacrosse Snark 



























Fig. 3—Federal Telecommunication Labora- 
tories engineer checking TALOS radome. 
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Fig. 4—TERRIER electronic-guidance pack- 
age, developed and produced by Motorola. 


Insofar as it has airplane-like 
attributes, it is affected more by the 
atmosphere than by the motions of the 
earth directly. It evades or exploits 
qualities of the atmosphere that may 
arise from the influence of the motion 
of the earth. It carries an analog com- 
puter into which the latitude and longi- 
tude of the origin and target are in- 
serted. 

It starts dead-reckoning at launch 
and computes the instantaneous latitude 
and longitude continually, being cor- 
rected for drift and other random 
effects by an ingenious system of timers 
and accelerometers, and sometimes with 
an automatic star-tracking telescope 
system, which takes celestial fixes to 
correct the net reading of the computer. 

Readings are taken by observing 





the apparent positions of selected stars 
in terms of imaginary lines between the 
stars and the center of the earth. Con- 
sulting an elementary text on celestial 
navigation will show this to be theoret- 
ically simple, but tricky in application. 
However, reliable automatic stellar 
navigation systems are in existence. 


Inertial Guidance 

Inertial guidance systems, strictly 
speaking, are not foreign to the cruise- 
type missiles, but are less critical there, 
perhaps, than in the ballistic missile. 
In the ballistic missile, however, the 
inertial guidance system is more or less 
on its own, and has an appalling task. 
It can be aided by radio command— 
under certain conditions—during parts 
of the trajectory. 

Mathematical analysis of a ballis- 
tic trajectory reveals it to be equivalent 
to a portion of an astronomical orbit, 
most of which lies inside the globe of 
the earth, which is in the shape of a 
nominal ellipse, having the center of 
the earth as one of the foci; hence the 
significant kinship between the ICBM 
and a satellite-carrying research rocket. 

Considering the trajectory of the 
missile as a portion of the ellipse, it 
becomes clear why it is influenced by 
the motions of the earth. The earth ro- 
tates on its polar axis, revolving about 
the sun, moving with the solar system 
in the rotation of our galaxy, and is 
subject to an axial wobble like a spin- 
ning top and perturbations of other 
heavenly bodies. All of this affects mis- 
sile flight, but for practical purposes, 
only the rotation of the earth has a 
really important effect on the missile. 

That is to say, it is affected chiefly 
by the rotation of the earth on its polar 
axis, and complicated by the fact that 
the earth is oblate and otherwise not 
symmetrical. Without getting into the 
fine details, it may be stated that the 
rotation of the earth counteracts gravity 
somewhat by centrifugal force, and in 
complex ways because of its oblateness 
and the fact that few, if any, ballistic 
shots are made in, or exactly parallel 
to, the equatorial plane in which this 
counteraction has its simplest effect. 


Army 

The Army features missiles fired 
from the surface of the earth. It has 
four surface-to-air missiles—the Hawk 
and Nikes-Ajax, Hercules and Zeus. 
Surface-to-surface missiles include the 
Corporal, Jupiter, Redstone, Sergeant, 
Dart and Lacrosse, all mentioned in 
alphabetical order, by mission, in Table 
II. 

Hawk is the in-fighter of the sur- 
face-to-air missiles. It is made as a 
complete system by the Raytheon 
Manufacturing Corp.’s guided missile 
facility at Bedford, Mass. Having spe- 
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cial radar to handle ground clutter, it 
deals with targets to which Nike radar 
is blind. 

Guidance is radio command. This 
delta-wing solid-propellant rocket meas- 
ures 16 feet long by 14 inches in di- 
ameter. Fired from launchers holding 
three birds, it can pick one airplane 
from a formation 22 miles away. De- 
velopment was started in 1955. 

The Nike beam-riding family ex- 
hibits progressively greater range and 
performance in each guidance system. 
Developed by Bell Telephone Labora- 
tories, the guidance systems show fore- 
sight in that each succeeding missile 
can be used with existing equipment 
with a minimum of modification to 
that equipment. Nike-Ajax, begun in 
1950, is gyrostabilized, and has a slant 
range of 25 miles. It is 20 feet long, 
less booster, and is one foot in diameter. 

Nike-Hercules, a larger missile, is 
about 25 feet long, two feet in diameter, 
has a more massive booster, a 50-mile 
range, GE fuzing, and an atomic war- 
head. The Ajax canard controls were 
replaced with delta wings, but in the 
departure from canard lost no maneu- 
verability. Western Electric builds the 
Nike-Hercules guidance and _ control 
equipment at their Burlington and Win- 
ston-Salem, S.C. plants. Development 
was begun in 1953 

Finally, the Nike-Zeus, a still 
larger missile about which little is 
known, was begun in 1955, and is re- 
ported to be competing with the Air 
Force Wizard as an ICBM killer. If 
true, the acquisition radar sensitivity 
and resolution, and the general per- 
formance of the missile must be star- 
tling. Range may be 100 miles. It is 
rumored that Sperry Gyroscope may 
soon figure in some phase of the guid- 
ance-system production. 

In surface-to-surface missiles, Cor- 
poral is a smallish missile of classical 
lines, conceived by JPL, which oper- 
ates first by radio command and then 
with ballistic trajectory after burnout. 
It is being shipped in quantity to Eng- 
land, and features an intriguing array 
of ground-servicing equipment. 

Guidance equipment for the bird 
is being manufactured by Gilfillan in 
Los Angeles. It is over 40 feet long, 
has a range of about 150 miles and 
can accommodate an atomic warhead. 
Fuzing is by GE. 

Jupiter, the Army’s IRBM, has a 
range of about 1500 miles. It competes 
with the Air Force Thor as America’s 
IRBM and has enjoyed a higher box 
score of successful flights. Ford Instru- 
ment Co. and ABMA have figured in 
the development of the guidance sys- 
tem. Dimensions are about 58 feet 
long by nine feet in diameter. Pictures 
revealing its finless stubby configura- 
tion have been released. 
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Redstone, like Jupiter, is the con- 
cept of Wernher von Braun, technical 
director of the Army Ballistic Missile 
Agency in Huntsville, Ala. This mis- 
sile has carbon vanes in the main en- 
gine (a V-2 hallmark), and fins for 
both stages. It has a range of about 200 
miles and measures 60 feet long by 5.5 
feet in diameter. Guidance is by Ford 
Instrument. Development was begun in 
1952. 

Little is known of Sergeant, ex- 
cept that it is probably a larger version 
of the Corporal and has a longer range. 
It is presumably guided by radio com- 
mand during the early trajectory and 
exhibits ballistic behavior afterwards. 
It may be enough larger than Corporal 
to be a two-stage missile, in which case 
it may resemble the Redstone and have 
approximately the same range without 
being as large. If so, one may speculate 
on a length of 50 feet and a diameter 
of about four feet. 

Dart, begun in 1955, is the small- 
est of the Army’s missile arsenal, meas- 
uring five feet long by eight inches in 
diameter. The guidance system, de- 
veloped by Wagner Electric Co. of 
Jersey City, is optical, and features con- 
trol by thin wires unreeling from bob- 
bins at the tips of two of the cruciform 
wings. 

It is in production for use against 
tanks and pillboxes and is reminiscent 
of the larger German X-4 used from 
airplanes in World War II. Range could 
hardly exceed two miles, hence the use 
of optical guidance. It is very simple 
and cheap. 

Lacrosse resembles the X-4 in size 
and shape much more than Dart. In- 
ternational Telephone and Telegraph 
did the entire computing, ground, air 
and tracking system. Cornell Aeronau- 
tical Laboratory developed the missile, 


which is now being manufactured at 
Martin’s Orlando, Fla., plant. 

Lacrosse, however, is a completely 
free-flying missile. It has command 
guidance and a range of eight miles. 
Fuzing is by GE. It is an all-weather 
weapon, which may carry tactical 
atomic warheads from truck launchers 
to smash fortifications. It measures ap- 
proximately 14 feet long by one foot 
in diameter, and has a cruciform wing- 
spread of over 10 feet, enabling a 
terminal gliding phase if desired. The 
Marines may use it. 


Navy 

Since the Navy has its own private 
air force, the variety of missile types 
is greater than that of the Army and 
closely parallels that of the Air Force, 
except for fewer types of surface-to- 
surface missiles plus the air-to-under- 
water missile other 
service. 

Names include Talos, Tartar, and 
Terriers 1 and II. Air-to-air missiles in- 
clude the Sidewinder and a rasher of 
Sparrows rumored to number as high 
as IV or V. Air-to-surface missiles are 
represented by a single model, the Bull- 
pup, which is rumored to have a big 
brother, the Bulldog, but no data on it 
has appeared. 

The Navy’s functionally unique 
air-to-underwater missile is Petrel. 
Vague kinship to Bat, Grebe and Peli- 
can (actually air-to-surface missiles) is 
possible. Surface-to-surface missiles in- 
clude Polaris, Regulus I and Il, and 
Triton. 

Ihe missile Talos has an obscure 
and confusing background featuring a 
variety of propulsion systems using 
rockets and ramijets, perhaps together. 
The Navy’s Talos is a surface-to-air 
missile. Another version was made for 
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Fig. 5—Communications console from the fire-control center of a TALOS unit. 








the Air Force and then reportedly 
handed over to the Army and it is 
thought that a surface-to-surface model 
exists. Development was begun in 
1953. The guidance system (ground 
components) was made by RCA. Air- 
borne components were developed by 
IT&T. 

It is apparently a rocket-boosted 
ramjet 10 feet long by 18 inches in 
diameter. It is a beam-rider with semi- 
active radar homing plus proximity 
fuze. Guidance antennas are arranged 
in an odd pattern of strips set into the 
“skin” and a prickly array of prongs 
extending forward and outward. Four 
hre for guidance and the fifth is an 
angle-of-attack probe. Range is esti- 
mated to be between 50 and 70 miles. 

Little is available on Tartar ex- 
cept that it is similar to Terrier and 
smaller—about 24 feet long by 10 
inches in diameter—and may have a 
range of about 30 miles despite the 
fact it has no booster. It will go on 
cruisers and perhaps destroyers. Prime 
contractor is Convair. 

Two Terriers exist but clear in- 
formation is available only on Terrier 
I. It measures 27 feet, with booster, by 
12 inches in diameter. It is a beam- 
rider with a range of at least 10 miles. 

Both Convair missiles are solid- 
propellant rockets. The first had a guid- 
ance system by Reeves and the control 
system of the second is by Motorola, 
Inc. IT&T developed the airborne guid- 
ance equipment. Terrier II has a range 
of at least 20 miles and is also a beam- 
rider. 

The Sidewinder may be regarded 
as the engineer’s masterpiece. It is un- 
believably simple, small, light, cheap 
and accurate—everything most missiles 
have gained a reputation for not being. 
It uses infrared homing based on a sys- 
tem invented by Dr. William B. Mc- 
Lean, technical director of NOTS, 
China Lake, Calif. McLean is said to 
have made the prototype on his own 
time and scored his first bullseye in 
January 1954, when it knocked down 
a QB-17 without a warhead! 

The IR scanner gathers energy 
through a lenslike nose, focuses it on 
a detector which provides a signal for 
amplification and fin control. It is esti- 
mated to have saved the equivalent of 
nearly $50 million in comparison with 
similar missiles. 

The Sidewinder is controlled by 
canard fins and can take 14 g’s of turn- 
ing acceleration. Nine feet long by 4.5 
inches in diameter, it weighs only 155 
pounds and has a range of about six 
miles. It has flown up the tailpipe of a 
jet drone (possibly a Matador) and 
gained fame by knocking a wingtip 
flare off another drone without destroy- 
ing it. 

Development of the guidance and 
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control on an industrial basis is at- 
tributed to ACF, with guidance and 
control production both by Philco, the 
prime contractor, and GE. 

The Sparrow family is based on 
a complete system originally developed 
by Sperry beginning about 1951. Doug- 
las was prime contractor on Sparrow 
II and Raytheon on Sparrow Ill. Data 
on Sparrows IV and V is very vague. 
Douglas may have been the guidance 
contractor on Sparrow II. 

Raytheon handles the complete 
system on Sparrow III, which is prob- 
ably the production version replacing 
Sparrow 1. It is rumored Raytheon will 
handle Sparrow V. All Sparrows ap- 
pear to be beam-riders, and the later 
versions may not have boosters. It 


radio command or a combination. 

Polaris is the Navy’s bid to get 
into the intermediate-range ballistic 
missile field. Development started in 
collaboration with Jupiter, and then 
the Navy withdrew on the grounds that 
liquid propellants were not suitable for 
shipboard use. This left the Army with 
a dynamic configuration about which 
they were probably not too keen, but 
with which they obtained excellent suc- 
cess anyway. 

The advent of a solid-propellant 
rocket of this size was jolting news and 
a development which could conceiv- 
ably foreshadow the end of liquid en- 
gines for IRBMs. Lockheed is the 
prime contractor, and General Electric 
has the contract for the development 























measures about 12 feet long, with and production of the guidance system. 
booster, by six inches in diameter. Superprecision ocean navigation, the 
SOME REPORTED PRICES 
Reported Latest Definable Guidance 
NAME Cost Empty Contract Total To Whom 
Atlas $83,000,000 GE 
Bomarc $ 7,500,000 Motorola 
Dart very low 
Falcon | $24,000 
Falcon I! $ 9,000 
Jupiter $ 9,500 000° Motorola 
Matador $90,000 
Nike-Ajax $20,000 
Regulus | $ 3,500,000* Motorola 
Sidewinder $ 800 
Sparrow | $10,000 $30,000,000" Sperry 
Terrier | $30,000 $11,500, 000° Motorola 
Thor $38 000 000° AC Electronics 
NOTES: ' Guidance beacons and data link. 

2Radio guidance only. Ford Instrument inertial guidance total probably greater. 

8 Guidance beacons. 

*R&D, and aeny production. 

5 Complete electronics (BW-!). 

* For R&D and some pilot production. Missile since ordered into full production. AC already 

tooled. Program is being substantially increased. 











Range is about seven miles. 

Bullpup, the Navy's air-to-surface 
missile, is developed as a complete sys- 
tem by Martin and is made at the Or- 
lando plant. It is command-guided, 
measures 11 feet long by 15 feet in 
diameter and is canard-controlled. De- 
velopment began in 1955. 

The Bullpup was the result of a 
14-company contest for a missile to be 
used by attack aircraft against tanks, 
bridges and ships, but able to remain 
out of deadly ground fire by launch- 
ing at medium distance and altitude. It 
was developed along philosophical lines 
similar to the Sidewinder, and features 
simplicity for fast development and 
maintenance. Range may be 20 miles. 

Petrel is the subject of tight se- 
curity despite long development time. 
It is thought to be a ram or turbojet 
which jettisons its propulsion system on 
striking the water, the remainder of the 
missile continuing on somewhat in the 
fashion of a torpedo against sub- 
marines. Range may be something like 
20 miles, and guidance is likely to be 


crux of a water-launched IRBM, has 
occupied the Navy during 1957. 

Development was begun in 1955. 
Preliminary underwater tests of some 
kind have apparently already been 
made. Funding has suddenly been in- 
creased 200 per cent but the test shot 
is still probably two years away. 

It appears that there. will be a 
pod nearly 50 feet long which will en- 
close the rocket proper, measuring 30 
feet in length by four feet in diameter. 
It is likely to be launched underwater 
from an atomic submarine either 
through the torpedo tubes, or, if there 
is enough vertical clearance, through 
the conning tower. 

Regulus I was begun in 1951 by 
Chance Vought, possibly with Sperry 
guidance. Bell Aircraft is thought to 
have figured in the development of 
the reusable model which came home 
and landed, probably by remote land- 
ing system. The missile is designed for 
an atomic warhead and measures 33 
feet long by 4.5 feet in diameter. 
Range is about 250 miles. 
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The guidance type has not been 
stated but may be single-axis inertial 
plus autopilot. Development on Regu- 
lus Il began in 1954 to produce a 
model of increased range and speed. 
Guidance is by Sperry, at least the 
autopilot part of it. It measures 57 
feet long by five feet in diameter and 
is probably now operational on sub- 
marines. Wing theme is canard, range 
300 miles, and the use is reduction of 
heavily defended shore targets. 

This missile is reported to have 
surprised most agencies that tested 
it. Triton is reported to be a sort of 
super-Regulus with a 1500-mile range. 
It may possibly carry a hydrogen war- 
head. 


Air Force 


Bomarc is a spectacular rocket- 
boosted, ramijet-powered  surface-to- 
air missile of about 300 miles range. 
It is about 66 feet long, launched like 
a VTOL airplane and is distinguished 
by its diamond-shaped wings and un- 
derslung ramjet pods. Reports of the 
guidance type are conflicting, naming 
both beam-riding and command guid- 
ance. The latter is probably correct. 

Terminal-phase active radar hom- 
ing is also used. Development was be- 
gun in 1952. The guidance system is 
produced by Westinghouse. Certain 
components, possibly stable platforms, 
computers and gyro devices may be 
made for Bomarc by Lear, Inc. 

Air-to-air missiles include two 
highly mysterious models known as 
Ding-Dong and Genie, about which it 
is known only that they carry nuclear 
warheads and are designed to destroy 
whole formations of bombers rather 
than one at a time. 

Both Falcons are produced com- 
pletely by Hughes Aircraft. Falcon | 
first flew about 1950, was radar- 
guided with a homing head (perhaps 
radar), measured six feet long by six 
inches in diameter and had a reported 
range of about five miles. Always 
fired in salvo, both Falcon models are 
often mixed with Sidewinder for a 
probable 90 per cent kill. 

Development of Falcon II started 
about 1952. Actually it is an _ all- 
weather model, not in competition 
with the daylight Sidewinder. Using 
IR homing, it is 6.5 feet long by 6.5 
inches in diameter. 

The lone air-to-surface repre- 
sentative, Rascal, is a weapon system 
complex beyond man’s wildest dream 
of artifact. A descendant of the Shrike, 
development began about 1950. It 
measures about 30 feet long by about 
four feet in diameter. Carried by a 
B-47 or B-52, it has a 100-mile range 
and climbs briskly to 85,000 feet after 
launch to avoid interception. 

It is guided by radio command 
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from the carrier aircraft which is by 
then scuttling back toward home base. 
Wing form is canard. Bell Aircraft is 
the prime contractor. IT&T is the sub- 
contractor for guidance, and has re- 
cently undertaken a redesign of the 
control system. 

Atlas is the pride and joy of the 
Air Force, and possibly the real hope 
of America as the ICBM, despite in- 
teresting rumors that the Titan is even 
better. If the reported length of 65 
feet is correct, recently published 
photographs suggest a diameter of 
about 9.6 feet. 

Development was begun in 1954 
by Convair. General Electric received 
a guidance production contract of $83 
million early in 1957, and developed 
an autonomous new group to handle 
it. Development has been proceeding 


those of Vanguard which may presage 
a jumbo-sized satellite carrier some 
day. American Bosch-Arma developed 
the inertial guidance system, and is ap- 
parently producing it. Titan is a two- 
Stage missile, reportedly using many 
parts from Atlas and has a warhead 
by Sandia Corp. 

Matador, a_ short-range cruise 
missile, was the Air Force’s first ven- 


ture into the surface-to-surface field. 
It was first tested about 1949. It has 
an approximate length of 29 feet 


(Matador I has a substantially longer 
nose), a span of 40 feet and a di- 
ameter of 54 inches. 

A still newer Matador Ill may be 
the production version of Matador II. 
Quantities of Matador I have been 
sent to Europe, where they presumably 
carry nuclear warheads. Guidance 





Fig. 6—Assembly production line for THOR inertial guidance components at AC Spark Plug. 
Recent THOR firings have used full inertial guidance. 


on an overtime basis for about two 
years. Accuracy of the inertial-celestial 
guidance system is said to be 20 miles 
in 5000. If this is considered sufficient, 
the warhead must have a stupendous 
diameter of burst. 

Thor, the IRBM of the Air Force, 
had a discouraging beginning which 
nearly sealed its doom in the face of 
repeated successes by Army’s Jupiter. 
It began to perform well in the latter 
half of 1957 and had a 1500-mile 
flight on September 20. The inertial 
guidance system is by MIT and the 
warhead by Sandia Corp. AC Spark 
Plug has the guidance production con- 
tract. Thor is a single-stage missile 
of roughly the same dimensions as 
Jupiter. 

Titan is equal to Atlas in size 
and range, and is also inertially guided. 
Data on this missile has been par- 
ticularly scarce. Martin, the developer, 
has combined Titan operations with 


probably has a combination of radio 
command and inertial guidance. 

Navaho is a dual ramjet big 
brother to Matador. Development was 
begun in 1953. It carries a nuclear 
warhead, probably hydrogen for 5000 
miles by inertial and celestial guid- 
ance. North American handled the 
whole system, for which the contract 
was cancelled, apparently in favor of 
emphasis on ballistic missiles. 

Snark, a huge and spectacular 
cruise missile, is now in assembly line 
production at Northrop, which handles 
the whole system. The guidance sys- 
tem apparently combines radio com- 
mand with inertial guidance and stellar 
navigation. It is 74 feet long by 4.5 
feet in diameter and has a 42-foot 
span in sharply swept-back wings. The 
inertial guidance, Mark I, was built by 
Northrop. Range is 5000 miles and it 
probably carries a hydrogen war- 
head.* 
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how industry solved 


The Air-bearing Gyro 


Stabilization Problem 


TSING THE air-bearing gyro as 
an element in an inertial guid- 
ance system presents a specialized prob- 
lem in servo design. During a ballistic 
missile R&D program, two methods of 
stabilization were investigated. The par- 
ticular problem was the design of 
stabilization servo circuitry for the vir- 
tually frictionless air-bearing gyro. 
The air bearings have a _ coeffi- 
cient of friction that is approximately 
one ten-millionth that of an equivalent 
ball bearing. Random torques to the 
air bearing are very small and 
the air bearing provides a negligible 
coefficient of viscous friction between 
the inner gimbal and the supporting 
case. 


by John P. Jagy 


Fig. 1 is an illustration of an air- 
bearing gyro manufactured by Ford 
Instrument Co. for the Army Ballis- 
tic Missile Agency. The gyro ele- 
ment is the rotor of a synchronous 
motor which is mounted in conven- 
tional ball bearings within the air- 
bearing cylinder. The air bearing is 
formed by a cylinder enclosed in a 
housing supplied by constant air pres- 
sure with a constant clearance be- 
tween the cylinder and the housing. 
The only contacts between the cylin- 
der and the housing are those made 
by the electrical supply conical pivot 
points, which are precisely located 
on the air-bearing axis so that any 
friction force operates at zero radius 
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Fig. |—Air-bearing gyro and stabilization circuitry on single-axis stabilized platform. 


and results in about the 


air-bearing axis. 


zero torque 

An inductive pickoff is mounted 
on the gyro to sense motion about 
the air-bearing axis and to provide 
an error signal to the servo loop. Fig 
1 shows the gyro mounted on a single 
axis platform. 

Before proceeding with a dis 
cussion of circuitry and components, 
a servo analysis of single-axis stabili 


zation with an air-bearing gyro will 
be given. 
The torque about the platform 


axis is sensed by the gyro and causes 
precession about the air-bearing axis 
as an angular velocity. A_ reaction 
torque equal and opposite to the ap- 
plied torque is generated by the gyro 
and is numerically equal to the gyro 
angular momentum and the air-bear- 
ing angular velocity. This is the basic 
gyroscopic equation relating torque 
reaction and precession rates about 
axes that are both perpendicular to 
the spin axis of the gyro. 

Any torques about the air-bear- 
ing axis will similarly cause preces- 
sion about the stabilized axis. 

It is convenient as a mathematical 
tool to treat the gyro cross-coupling 
equations as two separate independent 
entities although, in reality, the two 
effects cannot be disassociated from 
each other. 

With this understanding, the sim 
plified block diagram illustrated in 
Fig. 2 establishes the differential 
equations of motion of the stabilized 
platform. 

Note that the schematic has been 
intentionally drawn similar to those 
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frequently drawn by the servo engi- 
neer for a closed-loop feedback sys- 
tem and that the gyro cross-coupling 
terms are broken down and shown 
two blocks. 

Here in schematic form are ex- 
pressed the differential equations of 
motion of this single degree-of-free- 
dom platform with its air-bearing gyro. 
It is necessary to consider two rota- 
tional mass systems coupled by gyro 
torques and elastic restraints provided 
by the servo. 

The inputs to the system to be 
considered are torques about the X 
and Y axes. 

|) T,—torque applied to the gyro 
about the air-bearing axis. 

2) T,—torque applied to the platform 
about the stabilized axis. 

The basic equations interrelating 
all these quantities are shown in the 
lower part of Fig. 2. Here gyro torques 
and inertial reaction torques are 
equated. The fourth equation contain- 
ing the servo stiffness factor K needs 
further interpretation. 

In order to prevent precession of 
the air-bearing axis into its 90° posi- 
tion, which would render the gyro 
useless, the gyro torque is assisted by 
a torque produced by the servomotor. 
The air-bearing axis motion is sensed 
by an electromagnetic pickoff on the 
gyro. The pickoff signal is amplified 
by the servo amplifier and the ampli- 
fied signal drives the motor to provide 
a torque. This torque assists the gyro 
in overcoming any friction or exter- 
nal torques about the gyro’s stabilized 
axis. The servo stiffness factor K de- 
scribes the electromechanical gain of 
the system having the same units as 
an equivalent torsional spring. 

The five equations in Fig. 2 form 
the basis for the complete analysis 
and lead to the equations in Fig. 3. 

This will be a stable dynamic 
system provided the servomotor is ca- 
pable of supplying a torque to the 
platform that is proportional to the 
gyro pickoff error plus first and sec- 
ond derivatives of the error. This re- 
lationship is indicated in the last equa- 
tion of Fig. 3. Without these error 
derivatives introduced into the servo 
system, the stabilized platform would 
be highly oscillatory following any 
disturbance since the damping of the 
air bearing is exceptionally small. The 
platform will oscillate at the natural 
frequency as determined by the third 
term in the denominator with K, = 0. 
The term H,? is the square of “this 

| i a 
natural frequency. If the error de- 
rivatives are not present, the allow- 
able servo stiffmess (K,) must remain 
very low to prevent instability in the 
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Transform notation: 
Ex (S) = —6x(S) 


Ty (S) = Hz S Ex(S) 
Tu (S) + Ty(S) = (UyS* + RyS) @y(S) 
Tx (S) = (K(S) + HzS) @y(S) 


T#(S) + Tx(S) = (UxS* + RxS) Ox(S) 








Fig. 2—Functional schematic diagram and equations of motion of a single degree-of- 


freedom stabilized platform with an air-bearing gyro and stabilization 


servo circuitry. 
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Fig. 3—Closed-loop transform equations in one-axis stabilized platform with air-bearing gyro. 


system. A high stiffness is desired to 
reduce the errors in gyro axis align- 
ment in the presence of disturbance 
torques. The error derivatives are pro- 
vided by incorporating a phase-lead 
network into the servo system. 
The steady-state solution to the 
equations is obtained by setting all 
derivatives equal to zero in the La- 
place Transform Notation. This is ac- 
complished by setting S = 0. If 
T, is an applied constant torque then 
the platform will precess at a rate 
inversely proportional to the gyro an- 
gular momentum. Torque T, must be 
kept equal to zero if a stable reference 
system is to be realized. This is the 
reason, then, for using the extremely 
low-friction air bearing for the sen- 
sitive axis. If T, is an applied con- 
stant torque about the stabilized axis, 


then it is seen that the platform mo- 
tion is identically zero in the steady 
state. The motion about the air-bearing- 
gyro axis ®, is inversely proportional 
to the stiffness K, in the servo system. 
This points to the need for a high 
value of stiffness if rotation about the 
air-bearing axis is to be held to rea- 
sonably small angles in the presence 
of disturbing torques about the sta- 
bilized platform axis. 

K, cannot be increased without 
bound, a fact evident when the tran- 
sient response of the system is con- 
sidered. The transient response is de- 
termined by the roots of the third- 
order denominator of the character- 
istic equation. There must be no roots 
with positive real parts or the system 
will be oscillatory. Positive values for 
the error derivative terms K, and K, 
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Fig. 4—Notch filter system block diagram 


schematic diagram and system characteristics. 







































































































































































5000~ 
POWER 
SUPPLY 
/ ~ 
™ 
/ Ty 
f =~ 
— —a 
Gyr PICKOFF OEMODU- LOW PASS 
hated LATOR FILTER 
400~v 
GIMBAL geanper-9y Fl ss 
| SUPPLY 
t i 
SERVO- POWER 400~ eden =. 
MOTOR AMPLIFIER MODUL ATOR NETWORK 
Gyro Stabilization DC Servo Control 
-28V = 
+ 
+26 
| ouTPuT 
— 
eo Vn 
| ; | 
inPuT TY 
| | 
oo | 
STABILIZATION 
NETWORK 
SERVO CONTROL SERVO AMPLIFIER ae 








Fig. 5—Transistorized servo control and servo amplifier with block diagram of direct 


current stabilization servo control for a stabilized platform with air- 
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aring gyros. 


are needed to meet this condition. 


By substituting ja for S in the 
expression for K(s), the frequency 
response of the amplifier-motor-servo- 
system may be described. The gain 
of this servo must increase with fre- 
quency at a rate of 12db/octave and 
180° of phase lead will be introduced 
in the limit. 

Fig. 4 illustrates the circuit em- 
ployed in the notch filter. It consists 
of a pair of constant K_half-section 
band-elimination filters, stagger-tuned 
to give a W-shaped attenuation 
curve, as illustrated on the right. The 
attenuation and phase curves have their 
origin shifted to center about the 
400-cycle carrier frequency. It is im- 
portant that the phase peaks occur 
at the modulation sideband frequen- 
cies corresponding to the natural fre- 
quency of the stabilized platform. 

The notch filter is the most criti- 
cal element in the servo system be- 
cause the components must be held 
precisely at calculated values. 

The amplifier following the notch 
filter in the servo system consists of 
two high-gain, grounded-emitter stages 
—a push-pull driver stage and a push- 
pull power-amplifier stage. It is a 
traditional coupled type with reason- 
ably flat frequency response in the 
vicinity of the 400 cycle carrier fre- 
quency. It has a wide range of gain 
so that the stiffness of the servo system 
can be set at the desired value. 

The block diagram in Fig. 5 illus- 
trates our alternate approach. In this 
arrangement the gyro pickoff is ener- 
gized from a 5-ke source and the posi- 
tional error signal is demodulated and 
filtered to remove the ripple. The high- 
frequency carrier is used so that filter- 
ing will not introduce phase lag into the 
servo system. The required phase lead 
is introduced by means of the phase 
lead network. The modified signal is 
modulated on a 400-cycle carrier and 
amplified to provide power to the servo- 
motor. 

For the demodulator, a pair of 
transistors with their emitters in com- 
mon has been used to provide high gain 
and proper impedance level between 
the pickoff and the phase-lead network. 

In the 400-cycle modulator which 
follows, a pair of switching transistors 
with their collectors in common is em- 
ployed to give the least noise in the out- 
put for zero signal. 

Indications are that it will be pos- 
sible to operate the servo loop at a 
higher value of stiffness and possible 
to lay out a smaller package. 

It is intended that this alternate 
scheme replace the notch filter, thus 
removing the dependence upon absolute 
values of tuned elements.* 
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HE PRIMARY purpose of missile 

flight-testing is to obtain data 
under actual conditions of operation, 
but since data evaluation usually occurs 
some time after the data is obtained, 
the recording method used is critical to 
the reliability and accuracy of the flight 
tests themselves. 

Most data-recording systems in 
use today use magnetic tape, either 
telemetered to a ground station or 
recorded directly with the use of air- 
borne recorders. However, airborne 
recorders must be recovered undam- 
aged. In missile and _ pilotless-aircraft 
testing, this has not always been prac- 
ticable, unless parachute recovery of 
the vehicle is employed. 

The MR-1 recorder, manufactured 
by Northam Electronics, Inc., Alta- 
dena, Calif., and shown in Fig. 1, was 
developed specifically for rocket flight- 
testing applications and contains a 
number of features not available in 
any other airborne recorder. 

Overall size is four inches in di- 
ameter and five inches in length, com- 
plete with all accessories including 
batteries. Total weight is four and one- 
half pounds with armor and only two 
and one-quarter pounds without armor. 
As many as nine successful recoveries 
have been made with the same 
recorder. 

As many as eight information 
channels are recorded simultaneously 
on one-half-inch, one-mil, mylar-backed 
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Industry Strives for 
Missile Telemetry Economy 


miniaturized recoverable 


tape recorders 


now avatlable 


magnetic recording tape. 

Rugged construction, light weight 
and ability to operate satisfactorily 
under the most adverse environmental 
conditions make these recorders ideal 
for many missile and rocket flight tests. 
Satisfactory performance is obtained 
with accelerations up to 500 g’s along 
the longitudinal axis and 250 g’s trans- 
versely. Angular acceleration up to 
200 radians/second/second and axial 
spin rates up to 3000 rpm do not affect 
performance. 

Even values of twice these magni- 
tudes will not damage the instrument 
permanently. Heavy armor protects the 
recorder and tape from extremely 
severe impact accelerations encountered 
when the missile or rocket under test 
falls to earth. 

Storage temperatures in the range 
from —40°F to 150°F over a period 
of one week cause no deterioration of 
performance, and extremes of 700°F 
can be tolerated for periods up to two 
minutes. However, the operating tem- 
perature range is normally limited to 
40°F-150°F, in order to assure reliable 
operation. 

Conventional recording techniques 
are utilized for airborne recording 
systems. Direct recording is used where 
wideband or high-frequency informa- 
tion is desired; AM, FM, PDM, or 
PWM modulated systems are used for 
recording information from dc through 
low-frequency ac. 

Northam has developed a new 
technique that permits a sharp increase 
in recording sensitivity with very simple 
accessory equipment. This consists of 


by John Kinkle 





Fig. |—MR-I miniaturized tape recorder. 


erasing a prerecorded saturation signal 
from the tape in proportion to the 
amplitude of the signal received from 
the transducer. After being erased, the 
amplitude of the residual signal is 
essentially a linear function propor- 
tional to the amplitude of the phe- 
nomena measured by the transducer. 
Carrier frequencies used to prerecord 
the tape are selected so that they are 
at least six times the highest frequency 
to be recorded. The major advantage 
of this system is that signal levels as 
low as 20 microwatts can be success- 
fully recorded. 

Any type of transducer instru- 
mentation can be used with airborne 
magnetic tape recorders. The major 
types of transducers used and their 
application to airborne recording are: 

Potentiometers. These operate di- 
rectly into the recorder signal input. 
Thermocouples. These may operate 
directly into recorder, provided low 
impedance recording heads are used 
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to obtain correct impedance match- 
ing characteristics. 
Strain Gauges. Bonded gauges do 
not deliver sufficient output to oper- 
ate recorders unless operated in 
series-parallel combination to pro- 
vide increased output. Unbonded 
gauges can be operated into the 
recorder when the impedance of the 
gauge is matched to that of the 
recording head. 
Piezoelectric transducers. Output 
must be amplified before being - fed 
to the recorder. 
Variable reluctance transducers. 
These may be used when alternat- 
ing current is available for excitation. 
The above list contains only the 


wavelength of the frequency being 
recorded approaches the gap spacing 
of the head. Other factors affecting 
frequency response are head alignment 
with respect to the magnetic tape, bias- 
ing voltages and thickness of the mag- 
netic coating. Fig. 2 shows a typical 
frequency response curve obtained us- 
ing heads with one-mil gap spacing. 

Progress in the design of magnetic 
tape recording systems, more than any 
other factor, has enabled the art of 
data recording to advance as rapidly 
as it has. Continuous data flow is an 
essential requirement of present data- 
handling systems. Magnetic tape re- 
cordings, better than any other method, 
meet this requirement. 


Typical Frequency Response Curve 
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Fig. 2—Data obtained using recording heads with one-mil gap spacing. 


major types in common use. However, 
other amplitude or frequency types 
could be used. 

Critical components of any re- 
cording system are the recording heads. 
Sensitivity, noise level, frequency re- 
sponse and impedance are all factors 
critically affected by head design. 

Since magnetic heads are in- 
ductive devices, the characteristics vary 
with frequency, length of air gap, lami- 
nations and coil windings. Spacing be- 
tween adjacent recording elements of 
the head affect noise level and cross- 
talk. Tape speed across the head, and 
distance of the head from the tape 
seriously affect frequency response 
characteristics. 

One critical area where response 
is impaired is the range in which the 


As mentioned earlier, the Northam 
MR-1 recorder is a completely self- 
contained unit. In order to prepare the 
recorder for in-flight recording, it is 
necessary only to prerecord a saturation 
signal on seven of the eight information 
channels. 

The eighth channel is used for the 
timing or reference trace, which is pro- 
vided by a battery-powered transistor 
oscillator. Each data track is calibrated 
with 10 incremental values of current 
between zero and saturation. Standard 
recording speeds of 1 7/8, 3%, 7%, 
and 15 inches per second are available 
and special units can supply tape 
speeds as high as 30 ips. Running time 
necessarily depends on capstan speed 
and tape length. The MR-1 operates 
two minutes at a tape speed of 3% 


ips, recording a total of eight channels. 

Test missiles falling or driven to 
earth often bury themselves many feet 
deep in the desert sands. One recorder 
made nine such flights and in each case 
was recovered with only negligible or 
readily repairable damage. The tape 
itself was unharmed. Similar successes 
have been demonstrated with rockets 
and torpedoes. 

Impact damage is confined to read- 
ily replaceable components, such as the 
battery case. The case is made of a 
crushable material to absorb impact 
shocks. Batteries, battery case, drive 
motor and electrical terminal board are 
considered expendable components. 

The recorder and associated reel 
of tape are completely encased in a 
protective shell of heavy armor. Al- 
though the armor weighs only two and 
one-quarter pounds, it completely pro- 
tects the tape. Thus, valuable informa- 
tion from the tests is immediately avail- 
able for data reduction upon recovery 
of the recorder and associated tape. 

Evaluation of FM _ recording-sys- 
tem accuracy has consistently yielded 
results with an average system error of 
less than one per cent. Maximum sys- 
tem error is less than two per cent. 


AM recording systems using the 
erasure technique yield results with a 
maximum error of five per cent. This 
higher value is due to the increased 
noise in the system, but is somewhat 
offset by the much simpler circuitry 
involved. 

Comparison to telemetry data ob- 
tained from actual flight tests reveals 
similar results. While such a compari- 
son is not a measure of accuracy as 
such, because neither system can be 
considered as a standard, the results are 
of interest. Continuous data obtained 
from on-board recorders provides meas- 
urements during periods when atmos- 
pheric ionization disrupts telemetering 
communications. 


Noise in a system is important as 
a determinant of accuracy. Noise levels 
of FM in-flight recording systems have 
an RMS value of less than 1.5 per cent 
when used with a six-cycle filter. AM 
systems have a five per cent peak noise 
level over the range of zero to 250 
cycles. Since low noise level and wide 
bandwidth or high frequency response 
are basically incompatible, some com- 
promise must generally be made in or- 
der to obtain desired results. 

The economies and reliability of- 
fered by this technique make it far 
superior, in some aspects, to any other 
method of obtaining test information. 
Automatic remote operations assure 
data acquisition during any desired 
portion of a specific flight-testing pro- 
gram, up to and including the moment 
of impact. * 
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TEST RESULTS AVAILABLE IMMEDIATELY 





with the RW-300 


Wind Tunnels 

Engine Test Stands 
Environmental Test Facilities 
Structural Test Facilities 


Guidance and Contro/ 
System Test Laboratories 


Missile and Aircraft 
Check-Out Facilities 


Nuclear Reactor 
Instrumentation 


Data Reduction Centers 





DIGITAL CONTROL COMPUTER 


Now-—at the test site—all major data conversion and computation 
requirements can be met with the new RW-300 Digital Control Computer. 
This medium-size digital computer is unique in that it incorporates 
analog-digital conversion equipment matched to the computer. Thus, the 
RW-300 can directly monitor measuring instruments, perform complete 
calculations on the test data, and record the calculated results while 
the test is in progress. It can also be used as a general-purpose digital 
computer to perform scientific calculations while tests are not in progress. 
An RW-300 can free many test facilities from dependence upon 
computing centers remote from the test site. 

Equally important, the RW-300 has versatile control capabilities. With 
a test routine stored in its magnetic drum memory, the RW-300 can fully 
control the test facility, utilizing input data as feedback to modify the 
control actions. The test can be programmed to stop automatically if 
unsatisfactory or dangerous test conditions develop. 

If your organization has a problem in test control, data conversion, 
or computation, write to: Director of Marketing, Dept. MR-712, The 
Ramo-Wooldridge Corporation, 5730 Arbor Vitae St., Los Angeles, Calif. 


The Ramo-Wooldridge Corporation 


S730 ARBOR VITAE STREET, LOS ANGELES 465, CALIFORNIA 


Digital techniques employed in the design of the RW-300 computer have also been utilized by R-W systems engineers in the 
development of special-purpose digital instrumentation systems. Building blocks available for use in such systems include 
voltage-to-digita/ converters, electronic commutators, digital data recorders, data-handling links, and specia/ equipment such 
as the RTD-3103 Range Time Decoder. Additional information on digital instrumentation systems is available on request. 
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For control system applications... 


acceleration 


switching 


SPECIFICATIONS: 








Electrical input 10 milli-amperes 





Operating pressure__200 to 4000 psi 


Rated flow —__ .12 to 15 gpm 











New AiResearch Time Dwell 
Servo Valve overcomes performance and reliability 


limitations of present hydraulic control systems 


Acceleration switching is a new control technique ¢ Less than 5% null shift between —20°F 
which provides for positive control of spool velocity, and +700°F 

allowing the servo system engineer to achieve resolu- ¢ Infinite resolution 

tion, reliability and response previously unattainable. ¢ High spool control forces (= 100 pounds) 
Significant advantages include: at all signal levels 

* Unimpaired operation in contaminated oil ¢ High pressure gain (10 times linear valve) 


Outstanding opportunities for qualified engineers 


Engineering representatives: Aero Engineering and Airsupply, offices in major cities 


COR PORATIC® 


AiResearch Manufacturing Divisions 


Los Angeles 45, California + Phoenix, Arizona 





Designers and manufacturers of aircraft systems and COM PONENLS ; REFRIGERATION SYSTEMS + PNEUMATIC VALVES AND CONTROLS + TEMPERATURE CONTROLS 
CARHE ANE COMPRESSORS «+ TURBINE MOTORS + GAS TURBINE ENGINES + CABIN PRESSURE CONTROLS + HEAT TRANSFER EQUIPMENT + ELECTROMECHANICAL EQUIPMENT + ELECTRONIC COMPUTERS AND CONTROLS 
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Workhorse of Inertial Guidance 


HE LEV-3 GYRO Stabilizer was 

once described by Dr. Wernher von 
Braun, director of the Army Ballistic 
Missile Agency’s development opera- 
tions division, as “the workhorse of 
missilry.” Certainly, this unassuming 
little device has contributed much to 
the current advance in inertial guidance 
systems for ballistic missiles. 

The LEV-3 was originally de- 
signed and produced in Germany for 
the V-2 missile. When Dr. von Braun’s 
development team and their equip- 
ment were brought to the United 
States after World War II, a _ sub- 
stantial number of LEV-3s formed part 
of the hardware. 

When the U.S. Army’s high-alti- 
tude research program began at the 
White Sands Proving Ground, the V-2 
missile with the LEV-3 as its stabilizer 
unit was used as the test vehicle. Re- 
peated firings soon brought the num- 
ber of stabilizer units to a low level, 
and the Army began a search for a 
competent manufacturer. Their choice 
was the Waste King Corp., manufacturer 
of household appliances, and active in 
the defense-products field since 1950. 
Using experience gained in various 
missile hardware programs, this com- 
pany prepared a complete set of manu- 
facturing drawings with specific design 
changes as a first step. From a much- 
modified sample built to these draw- 
ings, the drawings were again re- 
worked and from these LEV-3s were 
placed in production. The stabilizer is 
still being delivered in sufficient quan- 
tities to meet the development program 





The author is assigned to the 
technical products division, Waste King 
Corp., Los Angeles, Calif. 
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a consumer-goods company 


produces low-cost 


guidance systems 


by Earl Finkle 


requirements of the U.S. Army. 

The value of units such as the 
LEV-3 can be appreciated when it is 
realized that as inertial guidance has 
become more sophisticated, the cost 





of components for an inertial guidance 
system has soared. 

These high unit prices mean that 
ballistic missile development is _par- 
ticulariy costly during the full scale 


Fig. |—Complete LEV-3 Stabilizer System with gyros and associated control circuitry. 
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Any Size... 
Any Shape... 


Infrared domes and windows in one piece, 
in diameters up to /8 inches — with the un- 
matched optical and mechanical properties 
of SERVOFRAX ® — are being produced 
and delivered NOW by Servo Corporation 


Servo Corporation's infrared division 
is the only organization producing IR opti 
cal elements of such size and performance 
factors... and in multi-segment elements, 
there is practically no limitation on size. 


SERVOFRAX, developed in the in- 
frared laboratories of Servo Corporation 
of America, is the arsenic trisulfide “glass” 
that has unmatched infrared transmission 
qualities... completely covering the spec- 
trum of 1.0 to 12.5 microns —from the 
near to the far infrared. 


This unequalled ability in designing and 
fabricating IR optical units is a natural 
dividend from Servo Corporation's pioneer- 
ing role in all phases of infrared systems. 
In devising and manufacturing elements 
and other components, right on to the in- 
tegration of IR sub-systems into over-all 
weapons systems — Servo Corporation's 
experience and capacities provide leader- 
ship without challenge. 


For further facts on IR optical ele- 
ments, write for SERVOFRAX data sheet, 
TDS-R-40. You will also wish information 
on Model 1380 Infrared Radiation Stand- 
ard, in publication TDS-1380 that describes 
the accepted standard for testing and cal- 
ibrating infrared systems and components. 


For specific information about your 
need, consult our applications engineering 
staff. Please write: 


SERVO 


CORPORATION 
of AMERICA 





20-12 Jericho Turnpike, New Hyde Park, L.!., N.Y. 


ok 
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Servo Corporation produces IR 
elements for almost any applica- 
tion: in IR Detection Systems, 
Special Purpose Equiprgent, and 
Industrial Process Equipment. 











flight-testing stage. It was in recognition 
of this that the Army Ballistic Missile 
Agency began to employ the LEV-3 
stabilizer in its research and develop- 
ment firings, both as the primary 
guidance system and as part of the 
overall flight performance instrumenta- 
tion. With the LEV-3, a means was at 
hand to provide satisfactory test 
guidance economically while perform- 
ing engine and airframe testing. 

At a cost order-of-magnitude sub- 
stantially less than most ballistic missile 
inertial guidance systems, the re- 
liability and accuracy of the LEV-3 has 
now been proved by more than 2000 
successful firings. Operational and 
manufacturing “bugs” have been re- 
moved to the point where the guidance 
systems can be turned out on a full 
production basis. 

A LEV-3 gyro system is shown 
in Fig. 1. It consists of two free gyros 
complete with gimbals, control poten- 
tiometers, current transfer assemblies, 
a program transmission, pendulums, 
torque motors and components parts 
necessary for mounting and adjusting. 
The unit on the left is the yaw-roll 
gyro; the unit on the right, the pitch 
gyro. 

The yaw-roll gyro senses the yaw 
and roll attitude of the missile with 
respect to the line of flight. The con- 
trol potentiometers measure these posi- 
tion changes of the missile with respect 
to the gyro element, enabling the 
missile controls to correct for these 
changes and maintain the desired flight 
path. 

The pitch gyro with its control 
potentiometer and program __trans- 
mission is shown in Fig. 2. The po- 
tentiometer, which measures changes in 
the pitch attitude of the missile with 
respect to the gyro element, is shown 
attached to the large-diameter gear. 
After becoming airborne the missile is 
given a specific trajectory by electrical 
pulses generated by the missile flight 
computer in conjunction with the ap- 
propriate accelerometers that measure 
the missile’s altitude with respect to 
power cutoff. 

These electrical pulses are fed into 
the program transmission shown on 
the extreme right hand side of Fig. 2, 
which causes the large gear containing 
the control potentiometer to rotate at 
a specific rate. This movement is 
measured by the potentiometer pickup 
which is attached to the position axis 
gimbal and causes the missile controls 
to alter the missile’s pitch attitude and 
direct its flight path. 

The gyro rotors are driven at ap- 
proximately 22,000 rpm by built-in 
3-phase 32-volt/400-cycle induction 
motors. These motors will also operate 
on 3-phase, 42-volt/500-cycle power, 





which was the power employed in the 
original V-2 missile. The rotor rpm at 
the 42-volt/500-cycle power is 27,000 
The gyro motors, when running, draw 
0.4 amperes per phase. 


The other electrically operated 
components, such as the erectior 
motors, potentiometers, etc., utilize 


24-30 volts de power obtained from 
sources in the missile control system 
The program transmission requires 115 
volts ac, 400 cycles, 1-3 phase con- 
tinuously and is pulsed with 24-30 volt 
dc power. 

Each gyro contains erecting mech- 
anisms which keep the gyro from 
drifting when running for several hours 
during missile checkout. In general, a 
small pendulum senses changes in the 
vertical plane and a centering contact 
strip senses changes in the horizontal 
plane. Specifically, the pitch gyro em- 
ploys a centering strip and pendulum 





Fig. 2—Pitch-control gyro and circuitry which 
is pulsed in flight to alter missile pitch. 


The yaw-roll gyro erects by means of 
a pendulum and a polarized relay ex- 
ternal to the gyro energized by the 
roll potentiometer. 

These sensing elements activate 
torque devices mounted on the prin- 
cipal gyro axes, causing counteracting 
precession to take place to correct the 
drift. 

The control potentiometers 
precision wound with .002-inch diam- 
eter, high-noble-metal content wire, 
with no spacing between turns. The 
deviation from linearity of these coils 
is less than one per cent. The diameter 
of the wire limits the resolution of the 
potentiometer to approximately seven 
minutes. The sliding pickup is formed 
from .002-inch diameter, high-gold-con- 
tent alloy wire. 

Accelerations experienced in the 
V-2 were 5 to 6 g and vibrations in 
the order of 100 to 200 cycles per 
second. Recent units with an optimum 
balance have withstood accelerations 
up to 12 to 14 g, as well as random 
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vibrations up to 1500 cycles per second. 

The position axis of each gyro is 
most affected by g loading and missile 
vibrations. Friction induced into the 
gimbal axis bearings by these environ- 
ments and reaction torques, which re- 
sult when the potentiometer pickoffs 
“wipe” the potentiometers, contributes 
to normal drift rates of production 
units. 

The Army Ballistic Missile Agency 
considers a drift rate of 10 minutes 
of arc per minute to be more normal 
for production units. Under’ very 
special conditions of balance, axis align- 
ment and bearing selection, drift rates 
as low as .3 minute of arc per minute 
have been achieved. 

The dimensions of each gyro with 
its cover in place are 10” x 8” x 8". A 
complete vaw-roll assembly weighs 
8.25 pounds; a complete pitch as- 
sembly, 10.25 pounds. 

Each LEV-3 stabilizer is com- 
pletely assembled and tested prior to 
delivery to the ABMA. Final calibra- 
tion of the stabilizer prior to each 
particular missile firing is accomplished 
by ABMA technicians. 

The inertial guidance equipment 
described in the foregoing paragraphs 
is a good example of the support that 
can be given the ballistic missile pro- 
gram by a company whose skills in 
commercial mass production are chan- 
nelled into quantity production of in- 
tricate and high-precision mechanisms. 
This is not only good business for the 
companies concerned, but for the de- 
fense services. To them it means quick 
availability of units at a surprisingly 
low cost. 

Waste King’s decision to expand 
from automatic garbage disposers, dish- 
washers, ovens and home incinerators 
to complex guidance and rocket pro- 
pulsion system components was a 
difficult one, representative of those 
decisions that must be faced almost 
daily if small business is to help provide 
the necessary technical support to the 
complex missile program. 

An indication of the rewards of 
success in endeavors such as this is 
that this company’s net sales have in- 
creased from $1,537 million in 1950 
to an estimated $18 million in 1958. 

[his transfer of manufacturing 
know-how and technology has been 
concentrated by Waste King into its 
technical products division and has 
been successfully used on a wide variety 
of products. Evolution of the technical 
products division from a series of 
isolated operations, each meeting a 
specific need, is typical of the pattern 
shown by smaller consumer-goods 
manufacturers venturing into the de- 
fense program.* 
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FROM ICARUS TO MACH NUMBERS: 


High-flight fasteners 
have come a long way! 


FREE: 


Send for 20-page 
Titanium Engineering 
Bulletin No. 5: 
“Properties of Ti-155A.” 
Get detailed technical 
“~ ‘ information on properties, 
fabrication, heat treatment, 
wih and important design facts. 
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Tensile Properties vs. Temperature of 





There’s a good reason why today’s high-flying missiles 
and aircraft don’t suffer Icarus’ embarrassing fate 

of coming apart at the seams. One explanation is in the 
remarkable high-temperature strength of the new 
heat-treatable titanium alloys. 

Take Ti-155A for example. It has a density of only 
0.163 pounds per cubic inch. Yet, at room temperature, 
tensile strengths are guaranteed to 170,000 psi, making 
it the highest-strength titanium metal commercially 
available. Even at 800°F, tensile strengths of this 
heat-treatable titanium alloy run well over 120,000 psi, 
while the creep rate at 50,000 psi and 650°F is only 
0.000001 inches per inch per hour. 

In addition to its high tensile strength, Ti-155A 
also offers good impact strength, ductility and fatigue 
characteristics. Its shop practices have been well 
established and Ti-155A can readily be forged 
to heavy reductions. 

The result is an outstanding material for fasteners, 
forgings, extrusions, wire, rolled shapes— 
any place where a strong, light-weight, bar and 
forging stock is required. It’s readily available 
in commercial quantities—at prices competitive 
with other vacuum-melted metals. 


f * 
riIMET <<» 
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* oe: 


/ 


TITANIUM METALS CORPORATION 
OF AMERICA 


233 Broadway, New York 7, N. Y. 
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Industry’s Answer 


to the Data-processing Challenge 


ARLY IN 1956, intensive studies 

by the General Electric missile and 
ordnance systems department pointed 
to huge requirements for handling data 
and for performing computations at 
extremely rapid rates in the program to 
develop nose cones for the U.S. Air 
Force intermediate-range and _inter- 
continental ballistic missiles. 

It was also determined that, to be 
effective in the development, consider- 
able data processing and computational 
capabilities would have to be made 
available in about 12 months. Further 
studies to reduce the initial data- 
processing and computation service re- 
quests to achievable dimensions re- 
sulted in the following design criteria 
for the system: 

—Telemeter data input would arrive 
in the form of magnetic tapes. 
—Fourteen continuous FM/FM 
data channels would be required. 
—Ninety PWM/FM/FM data chan- 
nels would be required. 

—One hundred and fifty PAM/ 
FM/FM data channels would be 
required. 

—Low- and high-frequency vibra- 
tion spectrum analysis would be re- 
quired, in discrete bands. 
—Equipment should be made as 
flexible as possible to accommodate 
readily to changes in the airborne 
instrumentation system and to meet 
other data-processing requirements 
that were necessarily not defined. 
—The data system’s accuracy should 
limit the degradation of data to not 
more than 1.5 per cent. 





The author is manager of the data- 
processing and computation operation, 
missile and ordnance systems depart- 
ment, General Electric Co. 
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report on a flexible 


missile computer facility 


by H. H. Rosen 





Definitions 


DATA PROCESSING. The technique 
which uses men and machines to pro- 
ceed automatically from raw test data 
to the final answer (the answer, how- 
ever idealistic, being sought by means 
of the tests which yielded the data). 


DATA CONVERSION. The manipu- 
lation of data’ into more usable forms, 
e.g., the changing of magnetic signals 
recorded on tape to electrical signals, 
and, in turn, to graphic presentations. 


CONTINUOUS FM/FM_ TELEM- 
ETER. Transmitting data from a 
remote object by means of a radio 
line. The quantities to be measured 
are converted to electrical signals 
which deviate the frequency of sub- 
carrier oscillators. The various sub- 
carrier oscillators, in turn, frequency- 
modulate an RF carrier. 


PAM/FM/FM. Several functions to 
be measured are converted to elec- 
trical signals which are then succes- 
sively sampled in such a manner that 
each function is proportionate to the 
amplitude of a pulse. The successive 
pulses then modulate a _ subcarrier 
oscillator in the same manner as de- 
scribed above. 

PWM/FM/FM. This system is similar 
to the PAM/FM/FM except that the 
value of the functions to be measured 
is related to the width of each pulse. 


TIME-SHARED FM/FM. This mod- 
ulation scheme, while containing vague 
similarities to PAM, is fundamentally 
different. In time-shared FM/FM, a 
subcarrier is frequency-modulated by 
long-time amplitude samples of sev- 
eral inputs taken in some _ regular 
sequence. Within a given sample, true 
instantaneous amplitude structure is 
preserved for later analysis. 
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Fig. |\—Simplified diagram of product flow through data-processing center. 
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Fig. 2—Analog conversion system from magnetic tape to presentation. 


—-A limited facility for handling 
film, tabular and oscillographic data 
should be provided. 

—Analog data should be handled 
independently of digital data. 


Univac-Scientific or IBM 704-type 
would be required. 

—The reduction and basic analysis 
of data from flight tests should be 


accomplished in 72 hours. The short 


























—A large-scale computer of the period allotted to this function made 
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Fig. 3—Simplified block diagram of analog-to-digital conversion system. 


it mandatory that major portions of 
the required analysis be predeter- 
mined and that the related computer 
programming be completed long be- 
fore flight tests would take place. 
Similarly, the handling, correcting, 
annotating and presentation of data 
should be as routine and mechanized 
as possible. 

—Time being vital, refinements 
should not be excessive and as many 
“off-the-shelf” items possible 
should be used. 

—Automation techniques should be 
used whenever their use is justified 
by savings in operating expenses, to 
meet schedules or to maintain re- 
quired accuracies. 


as 


—A centralized source of technical 
data should be established to provide 
a rapid and effective means to use 
the data in numerous applications 
usually associated with missile de- 
velopment programs, such as missile 
history logs, reliability programs, 
logistics, automatic print control sys- 
tems, failure reporting and analysis, 
etc. To provide this capability, a 
system for handling large quantities 
of data for filing, sorting and compil- 
ing would have to be designed. (It is 
this aspect of the criteria which, per- 
haps more than any other, gave 
meaning to the “integrated” concept 
of data processing that these criteria 
imply.) 

Fig. 1 is an overall flow chart of 
the part the integrated facility plays in 
the two missile development programs. 
The flow of information starts with the 
customer’s statement of requirements 
and ends when a tested and acceptable 
end item is ready for manufacture. 

Inputs are of three types—mag 
netic tapes containing telemetered data; 
engineering and scientific problems; and 
punched cards, metric film, tabulations 
and oscillograms. The first of these 
three inputs—magnetic tapes- 
handled in both analog and digital 
forms; the engineering and scientific 
problems by a computing facility; and 
the miscellaneous inputs of the third 
category by semiautomatic equipment. 

The computing facility has 
problems to consider here—magnetic 
tapes for conversion to corrected and 
annotated plots in a visible form; and 
magnetic tapes for conversion from 
analog to digital data for input to the 
computer. 


1s 


two 


The analog conversion system is 
depicted in Fig. 2. The playback units 
convert data on tapes to electrical sig- 
nals for further processing. They 
handle %4” 4-track, 7-track, and 
1” 14-track tapes and convert FM/FM 
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Three Genisco Accelerometers help the Super Sabre close in 


If enemy air infiltration happens, you can be sure that 
modern knights of the sky powering the swift Super 
Sabre at speeds faster than sound will spearhead 
America’s defense. 

Typical of today’s supersonic aeronautics, the 
USAF’s Super Sabre reflects the finest contemporary 
engineering skill and scientific creative imagination. 
But this swept-wing assassin is more than just another 
jet-powered plane. It is a proven, integrated electro- 
mechanical system, combining a multitude of precision 
sub-systems, assemblies, and individual parts. 

The automatic flight control system, for example, 
consists of numerous components, each one vital to the 
performance of the system. Naturally, component re- 
liability is imperative if the plane is to carry out its 


mission. The flight control system of the F100D incor- 
porates three Genisco Model DDL Accelerometers. 

The Model DDL is only one of many Genisco 
Accelerometers now in use on America’s air guardians, 
including our most important operational guided mis- 
siles. Like other models, the DDL was designed for 
a particular application—to function perfectly in the 
severe vibrational and shock environment of super- 
sonic flight. 

Genisco’s ability to design for the most stringent 
applications and to produce precision instruments in 
large quantities has made the company an important 
link in our nation’s defense chain. 

Descriptive technical data on the Model DDL and 
other Genisco accelerometers will be sent upon request. 


2233 Federal Avenue, Los Angeles 64, California 
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SPECIAL BALANCED MODULATOR TRANSFORMER 
Custom-Engineered to Customer Requirements 


APPLICATION: Used to impress a carrier frequency source upon a signal frequency 
source to generate signals of sum and difference frequencies while simultaneously 
suppressing the carrier from the input and the output circuits and also isolating the 
input and output circuits. See schematic below: 

NOTE: By impressing a pulse signal on the carrier input terminals, the input signal is 
effectively switched (cated) on and off at the output circuit. Polarity of the switching 
pulse determines phase of the output signal. 


TYPICAL CIRCUIT 


an 





oa 

SUM - 
DIFFERENCE 
FREQUENCY SIGNALS 





CARRIER (GATING) 
¢— INPUT ———>» 


SPECIFICATIONS (H.S.T. 

DESIGN SPECIFICATIONS: MIL-T-27A, Class 8, Grade 4 
SIGNAL SOURCE IMPEDANCE: 1000 ohms 
SIGNAL INPUT VOLTAGE: 45 volts P-P maximum 
SIGNAL INPUT FREQUENCY: 1300 cps 
GATING SOURCE IMPEDANCE: 400 ohms 
GATING SOURCE VOLTAGE: SIZE: 194” x 24,” x 2'As” high 

Squore Weve + 18 to — 18 volts P-P WEIGHT: 0.6 pounds maximum 


This illustration indicates the engineering and manufacturing skills available at 
HERMETIC SEAL. Custom design and manufacture of all types of high quality mag- 
netic components, produced in HERMETIC SEAL's new 55,000 sq. ft. air-conditioned 
plant, offers you the finest facility available for the procurement of your needs. 
HERMETIC SEAL's Engineering and Manufacturing excellence covers the fields of 
MAGNETIC AMPLIFIERS, FILTERS, SATURABLE REACTORS, all types of TRANS- 
FORMER and TOROIDAL COMPONENTS. 

Your inquiries will be handled promptly and courteously. Free copy of 1958 Catalog 


No. 102 — on request. 


PART 956-0259-300) 
GATING SIGNAL FREQUENCY: Square Wave, 650 cps 
OUTPUT LEVEL: 0.25 to 2.0 volts P P 
BANDWIDTH: 500 cps to 1S ke = 3 db 
CARRIER SUPPRESSION: 50 db minimum 
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> 


ermetic Seal ae 
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SSS NORTH FIFTH STREET + GARLAND, TEXAS + P.O. BOX 277 
DIVISION OF SOUTHWESTERN INDUSTRIAL ELECTRONICS CO. 
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continuous, PWM/FM/FM and vibra- 
tion FM/FM data with speed lock 
compensation for wow and flutter. The 
subsystem can also handle 14 channels 
of directly recorded data by means of 
wide band FM techniques. 

The PWM/FM decoder subsystem 
detects the subcarriers containing pulse- 
width data, converts each pulse-width 


| signal to amplitude variation and pre- 


sents up to 90 functions as separate 
amplitude-varying voltages. In addition 
to handling all standard IRIG (inter- 
range instrumentation group) PWM 
configurations, the system is compatible 
with data rates of 45 samples per frame 
at 2% frames/second and 90 samples 
per frame at 5 frames/second. Devia- 
tions from scale-end points and drift 
are within 0.5 per cent of full scale 
and tape speed compensation is in- 
cluded to correct for wow and flutter 


| effects. 


The PAM/FM_ decommutation 
subsystem detects the subcarriers con- 
taining pulse amplitude data, separates 
(decommutates) each pulse, and forms 
a continuous voltage output for each 
measured function. One hundred and 
fifty channels of IRIG PAM data may 
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Fig. 4—Data flow in a computing system. 


























CARD & TABS 
OSCILLOGRAMS PHOTOS 
Oscillogram Precision 
Readers | Film Readers 
— a — 
Conventional 
IBM ann 
Card Equi , | 704 Computer 
pe i 

















(BM | Point 
407 | Plotters 


aa 





Quick Tabs Report 
Look Plots 
Plots 











Fig. 5—Semiautomatic data handling system. 
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Fig. 6—One of five pulse amplitude modulation decommutation stations. 


be handled simultaneously with output 
linearity of 0.1 per cent of bandwidth. 

Here again, tape speed compensa- 
tion is included to correct for wow and 
flutter. Noise is less than 0.1 per cent; 
drift is less than 0.5 per cent in 16 
hours, Fifty per cent amplitude in sub- 
carriers will result in less than one per 
cent change in pulse amplitude. (All 
percentages quoted are in per cent of 
bandwidth.) 

The basic function of the continu- 
ous FM subsystem is to detect each 
continuous FM subcarrier and to pre- 
sent accurately-varying voltages which 
are analogs of measured functions. 
Among its features are an automatic 
five-point calibrator, troubleshooting 
panels and tape speed compensation. 
[he subsystem is capable of handling 
up to 14 IRIG subcarriers simultane- 
ously with output accuracy of 0.1 per 
cent of full scale and with output drift 
of less than 0.5 per cent in a 15-hour 
period. 

The input signals to the vibration 
analyzer subsystem are either data from 
FM telemeter magnetic tape or from 
wide-band magnetic tapes. The sub- 
system is capable of decommutating 
the time-shared vibration data into in- 
dividual complex waves and then pre- 
senting voltages proportional to g? 
(power) for discrete frequency bands 
—20-200 cps in bandwidths of 10 
cycles each, and 100-2000 cps in band- 
widths of 100 cycles each. 


February, 1958 


The cross-bar switching subsystem 
provides the capability to automatically 
switch any of the voltage inputs from 
the four previously described conver- 
sion subsystems to any part of the 
recording subsystem. The cross-bar sub- 
system is capable of handling up to 
480 voltage inputs and is controlled by 
means of a seven-hole punched paper 
tape and/or keyboard. Crosstalk at 
5000 cycles is -60 db and signal at- 
tenuation at 10 volts is 1:1000. A 


complete input-output configuration can | 


be set up in seven minutes. 

The input elements of the magnetic 
oscillograph precision recorder sub- 
system consist of 450 amplifiers with 
response to 2100 cps. Linearity and 
stability of the amplifiers are plus or 
minus 0.25 per cent obtained by a 
unique chopper technique using mag- 
netic modulators 

Scale factor and zero offset cor- 
rections are set automatically by push- 
button control in 256 equal steps. Pro- 
visions have been mede for later addi- 
tions of punched-card or punched-tape 
control of these corrections. Each cor- 
rected output is applied to galvanom- 
eters of 30 Midwestern Model 59! 
oscillographs, each of which contains 
15 active galvanometers. Thus, the out- 
put of the system consists of up to 30 
rolls of exposed oscillograph paper (run 
at speeds from 0.4 to 129”/second), 
each containing up to 15 traces of in- 
formation. 

( Continued on Page 100) 
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... about designing and 
building test equip- 
ment to your specifi- 
cations. 26 years’ ex- | 
perience. 


For brochure write: 


PACKARD MANUFACTURING CORPORATION | 
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World's 


PRESSURE TRANSMITTER 


ET 
Most Rugged 


TABER TELEDYNE 


. is relatively insensitive to vibration or 
shock because of its bonded strain gauge 
construction. Use with standard servo indi- 
cators, recorders and controllers to measure 
liquid or gas pressures. Handles extremely 
corrosive media, including fuming NITRIC 
ACID. @ Linearity 0.25% @ Hysteresis 0.5% 


The function of the oscillogram 
photo processor is to develop the ex- 
posed photographic paper obtained 
from magnetic oscillographs. This 
equipment is the first of its kind and 
has several unique features. 

In brief, the roll of paper is in- 
serted into the machine and the entire 
processing cycle from dry exposed pa- 
per to dry developed paper accom- 
plished automatically at rates up to 150 
fpm. The developing, fixing and wash- 
ing is done at the high temperature of 
180°F and only the emulsion side of 
the paper is wetted. As a result, essen- 





®@ Ambient temp. —65° to + 250° F 
(18° to 121°C) @ Pressure Ranges: 
0-300 to 0- 10,000 (PSIG). 


tially archival records with negligible 
distortions are produced. 

The basic elements of the analog- 
to-digital conversion system are shown 
in Fig. 3. The prime function of this 
system is to convert all IRIG telem- 
eter data recorded on magnetic tape 
to digital tapes compatible with IBM 
704 computer equipment. 

The system consists essentially of 
three types of subsystems to handle 
FM continuous, PAM/FM and PWM/ 
2 | FM telemetered data. The system does 

| | not decommutate, correct or scale the 

INSTRUMENT CORP. ; Eee, =| data because these operations can be 

Section 217 3 performed more economically in the 

computer as part of a computation pro- 
gram. 

Each subsystem is independently 
operated and the accuracy is better 





TRANSISTOR AMPLIFIERS SUB MINIATURE 


Want big service in a tiny (( 
space? Our 207S is the 
answer. 400 G’s at 2000 
cps., 40 db open loop 
gain and 20 db closed 
WRITE FOR loop gain +0.5 db, 
ILLUSTRATED —60° to + 160°C, 
LITERATURE stainless steel case. 


TABER 
111 Goundry Street 
NORTH TONAWANDA, NEW YORK 











components. 
Readying parts for heat treatment 





than 0.5 per cent from analog tape to 
digital tape. The capacity of the sys- 
tem is about two million data points 
iS YOUR PROBLEM per hour. The function and capability 
| of the magnetic tape playback is essen- 
HIGH TEMPERATURE | tially the same as those units described 
| previously as part of the analog con- 
version system. 
BRAZING The time code translator interprets 
the recorded test range time code and 
OF SUPER ALLOYS 9 generates start and stop signals in ac- 
f cordance with preset switches which 
indicate the desired start and stop 
Stalker facilities include ex- | times. In addition, a 10-bit second code 
perienced personnel, pro- and a 10-bit millisecond code are made 
duction and test equipment, available to the digital recording unit 
and certificates for the for eventual _Tecording on magnetic 
Teer : ‘ tape. The unit also provides internal 
fabrication, welding or high time code in the event of absence or 
temperature brazing of failure of recorded range time. 
prototype or production lots The FM discriminator units per- 
of jet, ram jet or missile mit the selection of IRIG subcarrier 
channels. The continuous analog-digital 
conversion subsystem can handle any 
We specialize in working ee of the 18 IRIG bands simultane- 
: : . ously. 
with superalloys including In the case of the PAM sub- 
A-286, 17-7, Nimonics, | system, any one of the IRIG bands 
Inconel, Hastelloy, Molyb- | from 10 through 18 may be selected 
denum and other stainless whereas the PWM subsystem handles 
steels with special tech- — bedi E pag. bee =e ~~ 
. | these limitations is that lower bands 
niques and processes to | cannot be used for PAM or PWM pur- 
msure successful brazing of poses. In addition to converting the 
metals containing aluminum FM data to analog voltages, these dis- 
and titanium. | criminators provide correction obtained 
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TELEMETERING 
SENSOR 
SAMPLER 


Type A: Sub-miniature 2 pole, 30 contacts per pole switch pro- 
vides 60 channels in make-before-break operation. A filtered 27.5 
volt DC motor rotates the switch at 2.5 RPS providing a sam- 
pling rate of 150 samples per second. Solid block construction 
permits satisfactory operation under random noise vibration 





exers by ASCOP 


LOW LEVEL 
COMMUTATOR 


ve 


Type AS: The ASCOP Type AS multi-channel rotary sampling 
switch is designed specifically for airborne telemetering appli- 
cations where precision high-speed sampling with the utmost 
reliability is necessary for accurate data. 3 poles 27 channels 






a 











of from 36 to 2000 cycles at 18 G’s RMS, 160 G’s impact for 2 @ 2.5, 5 or 10 rps, 27.5 VDC governed drive. Proven relia- 
milliseconds and a steady state acceleration of 100 G’s. bility in 25,000 hours of life testing. 






INDUSTRIAL 
MULTIPLEXER 


HERMETICALLY 
SEALED 
RADAR DISPLAY 

o._ 





Type AN: This multichannel sampling switch is designed for 
use in a target designation system for fighter aircraft. The 
metal on metal hermetically sealed switch housing provides 
a dust-proof, moisture-proof, explosion proof enclosure to allow required for automation and control applications in industry 
the switch to run properly at high altitudes over extreme Speeds from 1 to 1800 RPM, 30 to 250 channels per pole, | to 
temperature ranges. 20 poles. Years of service free operation 


Type AU: This multipole sampling switch has been designed for 
the flexibility of application, ease of servicing and long life 






THERMOCOUPLE 
COMMUTATOR 


Type Y: Samples 40 independent low level sensors with a noise 
level below 20 microvolts. By reducing noise and leakage to a 
minimum, temperature variations smai‘er than 1°F can be 
detected when sampling copper-constantan thermocouples. 





HIGH LEVEL SAMPLING SWITCHES @ LOW LEVEL SAMPLING SWITCHES @ DISPLAY COMPONENTS @ CONTROL EQUIPMENT @ COMPARATORS @ SENSING SYSTEM ELEMENTS 
FUNCTION GENERATORS @ TELEMETERING MULTIPLEXERS AND CALIBRATORS @ DRIFT COMPENSATORS @ THERMOCOUPLE SAMPLERS @ MECHANICAL OSCILLATORS 


APPLIED SCIENCE CORPORATION OF PRINCETON 


EASTERN AND CENTRAL OFFICES: P.O. Box 44, Princeton, N. J. SOUTHEASTERN DISTRICT OFFICE: | N. Atlantic Ave., Cocoa Beach, Florida 
WEST COAST OFFICE AND PLANT: 1555! Cabrito Road, Van Nuys, California SOUTHWESTERN DISTRICT OFFICE: 4918 Greenville Ave., Dallas, Texas. 
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from wow and flutter compensation 
signals on the telemeter tapes. 

The electronic commutator samples 
each of the five continuous functions 
available from the discriminators in 
such a manner as to present sample 
data of each channel in cyclic fashion. 
Synchronized pulses for this purpose 
are obtained from an internal oscillator. 
The electronic commutator provides 
variable and fixed sampling rates from 
100 cycles/second to 10,000 cycles 
second. In addition, this unit provides 
an optional means by which the num- 
ber of samples per digital record block 
may be selected. 

The volts-to-digit converter accepts 
the sampled data from the electronic 
commutator, the low-pass filter or the 
PWM.-to-amplitude converter, depend- 
ing on the subsystem involved. The 
amplitudes of each sample are con- 
verted to parallel data codes for record- 
ing by the digital recording units. Be- 
sides the binary coded data values, the 
output includes codes for bad data, 
data present, time, time code present 
and frame synchronization. 

The major function of the digital 
recorder units is to accept synchronous 
data codes and time codes in prescribed 
but variable formats compatible with 
IBM 700-series equipment. Each rec- 


/ 


Et ee ee oe ww en ee 2. 2. er 


@) WELWYN 


mma aaa ere ee er er ere ere 


ord group may contain fixes values 
which have been inserted manually, a 
record number for each block, time 
values for each block and up to 64 
data words (12 binary bits/word) for 
IBM or up to 128 data words for other 
formats. Two buffer memories, one ac- 
cumulating data while the other records 
on tape, permit the “real time” con- 
version of data at speeds slaved to the 
selected input data. 

The special low-pass filter used 
with PAM/FM data eliminates spuri- 
ous high frequencies present in the 
pulse train. The pass band is adjusted 
to make the best compromise between 
noise and sacrifice of rise time. 

The function of the PWM-to- 
amplitude converter is to convert the 
train of pulse-width signals to a pulse 
amplitude train acceptable by the volts- 
to-digital converter. 

The second of the inputs con- 
sidered originates as a result of investi- 
gations, design and test activities as 
illustrated in Fig. 4. The analysts 
(physicists, engineers and mathemati- 
cians) work with the customer in 
formulating the problem as well as 
providing methods of solution. Two 
Burroughs E 101 computers are used 
for “one-shot” problems requiring com- 
paratively short solutions. 





Deposited Carbon Resistors 


Hermetically Sealed : 





seal leakage defects. 


| ae 





High stability resistors bonded into glazed and vitrified ceramic shells 
for complete protection against ambient humidity changes. 

Silicone oil filled — acts as efficient convective medium for improved 
heat dissipation. Also serves as infallible quality control for detecting 


As part of quality control, each resistor is subjected to sustained 
pre-load test at 144 times rated wattage. Insures against catastrophic 
failures under normal operating conditions. 


Designed to meet military specifications. 
MIL-R-10509 (current issve) 


for complete data, write to: 


WELWYN INTERNATIONAL, INC. 


3355 Edgecliff Terrace, Cleveland 11, Ohio 
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The primary use of the E 101, 
however, is for trial solutions by the 
analysts. This provides the assurance 
that the methods of solution turned 
over to the programmers will work. 
Since the operational and design char- 
acteristics of the E 101 and the IBM 
704 have been described elsewhere, no 
detailed description is given here. 

The final category of inputs con- 
sidered here exist because, while it is 
an accepted fact that magnetic tape is 
the best available medium for record- 
ing date to be handled by the facility, 
many laboratory, factory and field test 
sites are not equipped to record all of 
their data on magnetic tape. To provide 
a means for handling miscellaneous 
data, a limited capability (shown in 
Fig. 5) is available at the Data Process- 
ing and Computation Center. 

The oscillogram readers permit the 


operator to read graphical data on 
oscillograms (up to 12” paper and 
16mm and 35mm film) by centering 


cross hairs on the point to be read; the 
output is in the form of automatically 
punched IBM cards. The facility can 
read about 14,000 points per day with 
these machines with a resolution of 
0.003 inch. 

The precision film comparator is 
capable of handling photographic plates 
and film from 16mm to five inches 
Angular x and y measurements are 
made by the operator centering cross 
hairs on the point of interest (e.g., x 
and y) or along the line of interest (for 
angles). The output is in the form of 
automatically punched IBM cards on 
which are included the readings, frame 
count and other preset data. The capac- 
ity and resolution of the machine are 
1000 frames per day and 0.004 inch, 
respectively. 

The conventional IBM card equip- 
ment at the facility includes the normal 
array of IBM card-handling equip- 
ment, including key punches, summary 
punches, verifier, 407 tabulator used as 
a plotter for “quick look” presentations, 
reproducer, sorter, document origina- 
tor, etc. 

The point plotters convert data 
punched on IBM cards to point-by- 
point plots which are used for report 
presentations. The capacity of each 
point plotter is 50 points per minute. 


Future plans for the General 
Missile and Ordnance Systems Data 
Processing and Computation Center 


are centered around making it more 
automatic with the intent to increase 
efficiency, speed and accuracy. Prob- 
lems now being worked, such as auto- 
matic translation of timing signals for 
inclusion on oscillograph records and 
pulse code modulation telemeter data 
handling, are expected to increase in 
scope and complexity at the center en- 
larges its size and capability.* 
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why companies find it 
GOOD BUSINESS 
to specify panel instruments 


by CO. 








++» QUICK SERVICE from 
HUGE STOCKS! 





Over 50,000 stock units, in 800 sizes 

and types, are available for immediate 

) delivery through 1,500 electronic dis- 

tributors in the United States, Canada, 

and abroad. This wide distribution can 

save you time and prevent expensive 
delays. 










: ... EXACT NEEDS CORE MAGNET 
CUSTOM BUILT! 


Many meters quickly built from 
} standing tools. Others designed to your 
specifications. Delivery schedules on 
which you can rely. Movements include 
three sizes of Simpson’s superb Core 
Magnet Meter Movement—self shielded 
and exceedingly rugged. 

















EXTERNAL 
MAGNET MOVEMENT 
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f° y Whatever your needs in panel instruments, you, too, will find it makes good 
Le xo, i business sense (and design sense) to specify “Simpson.” Simpson instruments 
" have established a reputation for laboratory accuracy ... yet they have the 
i og Se } ruggedness to stand up under years of service and severe shocks, Why not send 
H us your panel instrument problems today? 
Ask your ' . 
Simpson ; 
pc eg Instruments that stay accurate 
letterhead for H 
new Catalog . SIMPSON ELECTRIC COMPANY 


now available. 5200 W. Kinzie St., Chicago 44, Illinois « Phone: EStebrook 9-1121 
in Canada: Bach-Simpson Ltd., London, Ont. 
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first of the new 
SANBORN 450's: 


UNIT 
PREAMPLIFIERS 


with Integral Power Supplies 


These new Sanborn Unit Preamplifiers— designed to drive optical 
recording systems, tape recorders, wide band oscilloscopes, panel 
meters and other devices—offer you an outstanding combination of 
performance characteristics, operating versatility and ease, flexibility 
through interchangeable design, and compactness in either single unit 
or four-unit rack module packaging. The 1100 Carrier and 1800A 
True Differential DC types are versatile enough to cover the vast 
majority of input signal requirements, with practically any type of 
transducer. (For use with high speed optical galvanometers at frequencies 
above 500 cps, requiring larger current swings, a transistor output 
amplifier is built into the 450-1800A and available as optional equip- 
ment on other 450's.) Later “450” Unit Preamplifiers will include 
Servo (demodulator) Monitor, DC Coupling, Logarithmic, Low Level 
and Dual-Channel DC types. As shown, any “450” can be installed or 
quickly interchanged in any bay of the four-Preamp module, or in a 
portable case 

Supplementing the basic specifications, the 450-1100 is a carrier 
amplifier-demodulator with zero suppression, which provides excitation 
for and accepts the outputs of various resistance bridge, variable 
reluctance, differential transformer and other types of transducers. The 
450-1800A is a low-noise, low drift, wide band-width, high gain true 
differential DC amplifier, with front panel controls for smooth gain, 
position, and internal 2 mv calibration signal. For further data or 
application information on these new self-contained Unit Preamplifiers, 
contact your Sanborn Industrial Engineering Representative or write 
the Industrial Division of Sanborn Company. 


SANBORN COMPANY 


175 Wyman St., Waltham 54, Mass. 








SPECIFICATION 





450-1800A 


True Differential 
DC Preamplifier 










450-1100 


Carrier Preamplifier 


SUMMARY 


MODEL 450-1800A TRUE DIFFERENTIAL DC PREAMPLIFIER 


Input — Impedonce: 200K differentially between terminals (balanced) or 


100K each input lead t 
Common mode rejection: ot DC, 1! 
4 cps, 8 
Equiv. input drift: *2 uv for 24h 
Equiv. input noise: 5 uv peck to peak 
0 uv (0 D ke 
Ovtput — Low Power Circuit 
Ovtput oppeors between two cath 
Common mode level of cathodes 
Ovtput capability: +3 volts int 
10 volts open c 
Zero position control not active for th 
Freq. response; 3 db down at 30 kc 
Lineority: 0.1F 
High Power Circuit 


Ovtput cppecrs between two emitt 
Common mode level of emitters + 2.5 


Preferred load: 50 ohms 
Ovtput: *2.5 volts, =50 ma 
Freq. response; 3 db down at 15 ke 
Lineority: 0.5% 
Zero position control is operative for 
Gain — Fixed steps 1000, 500, 200, 100, 50, 2 
Goin Accuracy 0.5%, for D.C 
Smooth gain contro covers range betw 


~ 


gnd. |singie-ended 
db; to 60 cps, 94 db; 
db 
rs 
10 cps), 20 uv (0-10 


des as trve push pull sior 
2 volts with respect 


c 


$s oviput 


mgh power Output ck 


J 


een fixed steps 


Power Req. — 115 volts, 60 cps, opprox. 50 wotts 
MCDEL 450-1100 CARRIER PREAMPLIFIER 

Carrier Freq. — 2400 cps (std.); 600, 1200, 4800 cps optional 

Cerrier Exc. — approx. 4.5-5 volts, depending on transducer imped 

Transducer imped 100 ohms min. - 1000 ohms max 

Input imped. — approx. 2500 ohms, incl. zero sup. ckt 

Sensitivity 100 uv rms from transducer (output imped. 1000 ohms or less 
gives 1 volt ot ovtput under mox. ovtput loading 

Ovtput — preferred circuit: between one active cathode and one reference 

cothode 


olternote circuit: between active cot 


Output Voltage Capabilities (a) 


(b) +6 volts 


«3 volts into 2 


hode and ground 
2K min. lood 
nto 5K load 


(c) 7.5 volts open ckt. 


Oviput Linearity — better than 0.2% for (a) o 

Oviput Impedance — opprox. 1000 ohms, pre 
ovtput ckt. 

Freq. Response — 3db ct 20% of corrier freq 


Zero Suppression — con suppress 0 to 100 
vie switch) 


Power Req. — 115 volts, 50-400 cps, approx 
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challenge to industry: 


Spaceship Telemetry 


OW FEASIBLE is telemetering of 

information between earth and un- 
manned vehicles orbiting about our 
moon or planets of the solar system? 

Despite dozens of propulsion and 
vehicle schemes for such orbiting ve- 
hicles, little has been said about the 
telemetry problems. These are usually 
tossed off lightly, The attitude seems 
to be “anything is possible if it can be 
conceived.” 


communication with 


moon vehicles 
feasible now? 


by Henry P. Steier 


Serious thought has been given to 
telemetry designs for spaceships by 
Hans Scharla-Nielsen, engineer with 
Radiation, Inc. In his thinking he has 
assumed that the primary difference be- 
tween today’s telemetering schemes and 
those needed for the vast distances of 
space flight is in the radio frequency 
link. 

Nielsen has gathered the basic de- 
sign data necessary to take a first look 


at what happens to space telemetry 
signals between the transmitting an- 
tenna and the receiver. 

Much of this information can be 
put in nomogram form so that it fits 
a variety of conditions that would be 
encountered in space telemetry designs 
for vehicles traveling anywhere from 
the moon on out to the planet Pluto. 

* The type of signal level diagram 
shown in Fig. 1 is useful in showing 
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Fig. |—Steps in signal strength and loss—spaceship to earth. 


February, 1958 


Fig. 2—Nomogram, free space signal attenuation—earth to moon. 
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the steps in power loss or gain that 
would be encountered in space trans- 
missions of radio energy. 

The plateau at step 1 shows loss 
between transmitter and its antenna. 
Step 2 shows transmitter antenna loss 
(which might, of course, be shown as 
a gain). Step 3 shows transmission path 
loss between transmitting and receiv- 
ing antennas having the same proper- 
ties in all directions. The path loss is 
of great significance and would have 
a most influential effect on just how 
much could be done with a single 
telemetering link. 

At step 4, a gain is shown because 
some increase might be obtained from 
a receiving antenna of good design. 
Steps 5 to 8 show considerations that 
must be given at points between the 
receiving antenna and the output of a 
useful signal. 

Step 8 is interposed as a variable 


factor that must be built in to take 
care of unfavorable conditions and 
some system degredation. Much of 
what will be learned in first space 
flights will strongly influence _ this 
factor. 


An especially important factor re- 
lated to current technology is the re- 
ceiver noise level, which is a _ func- 
tion of receiver noise bandwidth and 
the receiver noise figure. 


diagram of Fig. 1 as step 6. Figure 3 
shows a nomogram that may be used to 
determine step 6 and also two scales 
for receiver noise input level. 

These differ by 19 db, which is two 
orders of magnitude. The scale marked 
4°K corresponds to a receiver having 
a front end at the temperature of liquid 
helium. 

A section of the receiver noise 
figure scale is marked “MASER.” This 
is the acronym for a new type of 
atomic amplifier operating on the prin- 
ciple of “microwave amplification by 
stimulated emission of radiation.” 

Just getting into the hardware 
stage, the MASER promises to have 
revolutionary effects on upping the 
sensitivity of many types of electronic 
devices used in communications and 
detection. This gain is attributable to 
lack of noise caused by electron flow. 


The MASER gets its energy from 
atomic phenomena without electron 
flow. 


The MASER or paramagnetic am- 
plifiers operate at near absolute zero 
temperature, which corresponds to the 
lower receiver noise level scale in Fig. 
3, and to a noise figure of only up to 
4 db. This is much below best avail- 
able receivers now. 

In choosing a space _ telemetry 
system design it is mecessary to con- 


ceiver input required for a particular 
signal-to-noise ratio in the output 
channel. 

Together with the inherent noise 
level, which would be helped by the 
MASER, noise figures are influenced 
by the type of modulation employed, 
detection characteristics and irregular 
errors introduced. 

Nielsen said that current standard 
PCM/FM, FM/FM and PWM/FM 
systems generally meet their error spec- 
ifications when the receiver is at its im- 
provement threshold corresponding to 
about 10 db input signal-to-noise ratio. 

Suppose a_high-information-ca- 
pacity moon-orbit vehicle telemeter 
was required? Starting point in Niel- 
sen’s design would be frequency. He 
selected 2250 megacycles. 

This was chosen over the 225 
megacycle band because of possible 
interference from the _ radio-signal- 
emitting constellation Sagittarius if nar- 
row-bandwidth receiving antennas in 
conjunction with low-noise preampli- 
fiers in the 22-mc band were used. 

A receiver bandwidth of 500 kilo- 
cycles would be chosen as a compro- 
mise between high information capacity 
and system feasibility. 

A receiver noise figure of 6 db 
would be chosen because it represents 
an available figure. Other numbers 























This is identified in the basic loss sider signal-to-noise ratio at the re- chosen would include figures for a 60- 
a EAMWIOTH GAIN DIAMETER 
RECEIVER EQUENCY 8 aaaae 
RECEIVER NOISE RECEIVER (me) (degrees) (db) ee 
NOISE LEVEL BANDWIDTH 00 (10) 
FIGURE (08) (-pe™) (8) - 3000 130,000) C 
5 —“ 
20- C - 2500 g 
: 50 - 
b— 90 x 2250. ane 
. 10 — : N\ $+so— — 1 
5 - 2000 
eo - - 2 - 50 (5) 
_—— - |S 
= 
7 “ a . 1500 \ Fr 40 
= a | 
; : | exo \ r 
— (OO - 30 
i270 —~ - 600 
ins er 500 on 
& F 400 000 (10,000) 
q . « a 300 = Pe 20 
¥ - ON - BOO 
= . 0 
? r Pat - 200 aad Lis 
w no! 150 - 
. = wo" § 
ee ~ 
- r 2 b 10OKC + 600 
7 “7 a a 80 hm 1O(1) 
~ _ . - 60 + S00 (S000) a 
10 4 wae w = ~ . 50 3 
+ 40 a 
“ - vl 120 Fr 400 
af’ 140 —+- F 30 = 
ben L 
7 > = + 20 r SiS) 
— Fr 300 
ad aa - ris L 4 
aa 
a S hm 1OKC - 250 es 
~ r 130 a F225 F 3 
54 a 150 ~ - 6 200 
i “ _ r 
al i. = - 4 . 
j ~ yy - 3 
4 a - a - 150 
$ > F 2 bis 
z — 140s 1s 
160 a 
J4 E Sia 
i = LL. KC 
“ 100 (10001 hic 

















Figs. 3 and 4—Nomograms to determi 


ne noise levels in receivers and 


gain and half power beamwidth of a parabolic antenna. 
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Fig. 5—Total bits without error when bandwidth = bit rate. 


foot diameter tracking antenna dish 
and a 10-watt transmitter. 

This antenna is already available 
in Radiation’s TLM-18 system being 
installed to track ICBMs from the 
Cape Canaveral, Fla. test site. It has 
already been announced that this sys- 
tem would have utility for interplane- 
tary rocket programs (m/r, Nov. 1957). 

This is how the moon vehicle 
telemeter design would add up in terms 
of signal gain and loss (numbers in 
parentheses refer to Fig. 1 steps): 


(6) Revr. noise level —i111 dbm 
(7) Required _ signal-noise +16 dbm 
Revr. sensitivity —95 dbm 
(5) Revr. line loss ..... +1 db 
(4) Revr. antenna gain —50 db 
Level req’d at recvr. 
ae -144 dbm 
Path loss at 260,000 
ee 212 db 
Xmit. power-ant. gain 
Es SG ivela a tc.e.n-aes 68 db 
Assuming 10-watts for 
i 6009406 6 +40 dbm 
(2) Xmit. ant. gain req'd. 28 db 


Path loss information was ob- 
tained from the nomogram of Fig. 2, 
which shows free-space loss between 
antennas having the same properties in 
all directions. 

Fig. 4 shows that a _ 60-foot 
ground-based tracking antenna would 


February, 1958 


give 50 db of directivity gain and a 
Y% degree bandwidth at 2250 mc. It 
also shows that for the moon vehicle 
antenna-gain required, a 4.8-foot re- 
flector is needed. It has a 6% degree 
beamwidth. 

Nielsen reasoned this could be a 
dish of the umbrella type. It would be 
extended after the vehicle left the 
earth’s atmosphere and act as both 
the transmitting and receiving antenna. 

Either the vehicle or the antenna 
would be automatically positioned to 
point the antenna to a very high-pow- 
ered beacon signal and command 
transmitter on the ground. 

Fig. 5 shows the number of bits 
of information that can be handled 
without error by a PCM/FM system 
when the radio frequency bandwidth is 
equal to the bit rate. It is shown as a 
function of signal-to-noise level in db. 

From this information the moon 
system looks practical now. The pres- 
ently available ICBM tracking radars 
will work with an “S” band feed, al- 
though they are presently operating in 
the lower-frequency regular telemetry 
band. 

What happens to the feasibility 
when a Mars ship telemeter is laid out 
for design? 

The amount of information that 
can be transmitted drops drastically. 
Complexities of receiver and antenna 
design mount beyond, or border the 
edge of, present knowledge. 


Fig. 6—Nomogram of signal attenuation in free space to Pluto. 


For the hypothetical Mars system, 
Nielsen would use the same 2250-mc 
frequency and the receiver noise fig- 
ure of 6 db. Because of the increased 
range and necessity to keep the receiver 
noise level as low as possible, the re- 
ceiver bandwidth is reduced to | ke. 

Fig. 3 shows a plot of noise level 
with a I-ke system when 6 db is the 
rated receiver noise figure. Complica- 
tion would be added to the Mars sys- 
tem since sophisticated circuitry would 
be needed to take care of Doppler 
shift as the radial velocity between 
transmitter and receiver varies. 

This is how the Mars ship telemeter 
design would add up in terms of gain 
and loss (number in parenthesis refer to 
Fig. 1 steps): 


(6) Revr. noise level 138 db 
(7) Required signal-to-noise +16 db 
Revr. sensitivity 122 dbm 
(5) Revr. line loss +1 db 
(4) Revr. ant. gain 53 db 
Level req’d at revr. ant. 174 dbm 
Path loss to Mars 
a 263 db 
Xmit. power ant. gain 89 db 
Assuming 10 watts for 
a ee +40 dbm 
(2) Xmit. ant. gain req'd 49 db 


Path loss information was obtained 
from the nomogram of Fig. 6, which 
shows losses for paths to various plan- 
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Insure added safety and efficiency | 


with new R/M TEFLON* spiral cover 


for hose and cable 


Raybestos-Manhattan has developed 
a “Teflon” spiral cover for hose and 
cable similar in principle to the 
cover on your telephone handset 
wire. It is nonwicking and has ex- 





ceptional resistance to abrasion and 
very high temperatures. It is es- 
pecially desirable where hose or 
cable passes through a firewall. 
Overlapping construction permits 
lengthening the spiral without un- 
covering the hose or cable. Diame- 
ters are easily altered by twisting. 

Aircraft, missiles and rocket ap- 
plications of “Teflon” are numerous. 
The early advent of others is indi- 
cated by modern research and de- 
velopment, especially in the pro- 
duction of “Teflon” custom-ma- 
chined parts, which in certain situa- 
tions are superior to those of any 
other material. R/M has complete 
facilities for machining “Teflon” 
parts to your specifications, with 
very close tolerances and rigid 
quality controls. 

For more information, literature, 
and sales and engineering assistance, 
contact your nearest R/M district 
office listed below or write direct to 
Plastic Products Division, Manheim. 


LOS ANGELES 58 « 
PITTSBURGH 22 « 








Other R/M “Teflon” products for the aviation, 


missiles and rockets industries: stainless steel 
wire braid covered thin-wall “Teflon” hose, rods, 
sheets, tubes and tape; rods, tubes and sheets 
in certified and stress-relieved grades (X-ray 
films for sheets and rods are also available); and 
centerless ground rods held to very close 
tolerances. 


* A Du Pont trademark 


RAYBESTOS-MANHATTAN, INC. 


PLASTIC PRODUCTS DIVISION FACTORIES: MANHEIM, PA.; PARAMOUNT, CALIF. 


Contact your nearest R/M district office listed below for more information or 

write to Plastic Products Division, Raybestos-Manhattan, Inc., Manheim, Pa 
BIRMINGHAM | © CHICAGO 31 © CLEVELAND 16 © DALLAS 26 ¢ DENVER 16 © DETROIT 2 © HOUSTON 1 
MINNEAPOLIS 16 « 
SAN FRANCISCO 5 « 


NEW ORLEANS 17 © PASSAIC © PHILADELPHIA 3 
SEATTLE 4 © PETERBOROUGH, ONTARIO, CANADA 


RAYBESTOS-MANHATTAN, INC., Engineered Plastics « Asbestos Textiles « Mechanical Packings « Industrial Rubber 


Sintered Metal Products 
Brake Blocks « Clutch Facings 
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ets in our solar system between an- 
tennas having the same properties in 
all directions. 

Fig. 4 shows that an 84-foot 
ground-based tracking antenna would 
give the required 53-db gain and about 
a 0.36-degree bandwidth. It also shows 
that the moon vehicle antenna gain 
required would result in a 60-foot 
diameter reflector with a 0.5 degree 
beamwidth. 

The vehicle antenna required has 
an imposing diameter for carriage by 
a Mars research vehicle. The vehicle 
would probably be of relatively small 
size in initial attempts to orbit around 
Mars. 

Possible solution might be the par- 
aballoon technique. It uses two col- 
lapsible paraboloids of fabric. They are 
joined together at their edges. One is 
metallized to act as antenna reflector. 

The fabric assembly is inflated by 
air to form a semirigid antenna system 
Carried by the Mars ship, such an 
assembly could be carried collapsed 
through the earth’s atmosphere and 
then inflated in outer space. 

The very narrow, 0.5-degree 
beamwidth of the antenna considered 
in this design would require very ad- 
vanced tracking circuitry to keep it “on 
target” with the ground-based receiving 
system. 

Path loss over the great distance 
to Mars reaches the enormous figure of 
263 db. Fig. 6 shows that in the case 
of Pluto this figure goes up to 294 db 

There are some alternative ap- 
proaches that might be taken to get 
around system range difficulties in dif- 


ferent orbital vehicles. 
One of these is an increase of 
transmitter power. Weight limitation 


may be the deciding factor here. Pres- 
ently available power supplies require 
about 242 pounds of battery weight for 
each 100 watt-hours. 

Solar cells are a possibility for a 
power source. Those available produce 
about 2.9 watts per pound. Increases 
in this output may be expected in the 
near future. 

An increase in frequency would 
aid the antenna beamwidth and gain 
prospects. However, successful trans- 
mission of frequencies much _ higher 
than those contemplated in Nielsen’s 
theoretical designs would be dependent 
upon characteristics of the ionosphere 
and the atmosphere. Another handicap 
with higher frequency might be a re- 
quirement for a mechanically ultra- 
accurate antenna and increased burden 
on the tracking system. 

Trade-offs might be made between 
antenna gain and increased transmitter 


power and more sensitive receivers. 
Progress in lowering receiver noise 
missiles and rockets 











For greater efficiency in carrying out the new 
weapons systems concept, military procurement 
officers work through central management con- 
tractors. 

The Stromberg-Carlson Electronics Division is 
very proud to have been selected by the United 
States Air Force as a major systems management 
contractor. 


These are some of our qualifications: 


1. An established systems management group 
deep in managerial skill and experience; 


2. An organizational setup under ‘which the 
systems manager reports directly to the Vice 
President in charge of the Division; 





How to manage a system 


3. An outstanding security record achieved in 
working with all the military services; 


4. Strategic location close to major supply 
sources and convenient to all types of trans- 
portation. 

Our manufacturing facilities and experience go 
hand in hand with systems management ability to 
qualify us as prime and sub-contractors, too. 

The systems concept, which applies to military 
hardware today, can apply with equal force to 
civilian goods tomorrow. Stromberg-Carlson is 
ready ... now, or any time. 


“T here is nothing finer than a Stromberg-Carlson” 





SC STROMBERG-CARLSON GD 


A DIVISION OF GENERAL DYNAMICS CORPORATION 


ES: 1463 N. Goodman Street * Rochester 3, N. Y. 2 
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HIGH POTENTIAL tests 





Leakage. . Breakdown. . Shorts 
with MHYPOT’ 


Test to 150 KV, DC or AC. Measure leak- 
age, detect shorts, ond forecast insulation 
breakdown. Meet applicable MIL and ASPM 
requirements. Safely protects personnel and 
equipment.. Mobility for laboratory, plant, and 
field usage. Write your requirements. Models 
with special facilities supplied promptly. 


Automatic Accept -Reject Tests 
Leakage. . Breakdown. . Shorts 


High potential AC tests to 
10,000 V with HYPOT Jr, 
Visual and audible indica- 
tions of breakdown. Leak~ 
age indicator light now ad- 
justable, .3 to Ima. Ties 
into automatic test fixtures. 
Laboratory accuracy in portable, self- 
powered units, Write for bulletins, 





Resistance to 50,000 Megohms 
Measured at 500 V-DC 


with VIBROTEST 


Insulation resistance under 
high potential, plus AC and 
DC voltage ranges. Self- 
powered VIBROTEST elimin- 
ates cranking, leveling, and 
needless weight. Write for 
application data and de- 
scription of models, 


Precision Ohmmeter 
- Direct Reading 


example, 1.2 
ohms to an accuracy of 6 mil- 
liohms. Compensation for re- 
sistance of leads and clips, 
and for internal resistance of 
bottery. Standard 


built in for instant calibro- 


For measure 





resistor 


tion. Multi-range, covering from 0-50 
to 0-100,000 ohms. Write for bulletin. 


Special Instrumentation 
for High Potential Breakdown Testing 


Your problem receives immediate offention of 
AR\, pie wecielized focilities ond 23 yeon' 


experience. Phone or write today. 10-35.1 


ASSOCIATED RESEARCH. 





79 W. Belmont Ave 
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Chicago 18, Hlinois 


figures is being made. Nielsen believes 
the lowering of reference noise level 
for an ideal receiver now promises 
to provide the next breakthrough in the 
receiver art. This would come about 
through the MASER amplifier. 

But, he said, “it appears that in- 
corporations of the (MASER) ampli- 
fiers in receivers operating much below 
about 2000 megacycles or so would not 
produce a system advantage since the 
receiver noise level would be exceeded 
by cosmic or galactic noise at the re- 
ceiver input.” 

He also notes that the best method 
of signal detection is not always used 
in present telemetry systems. Data 
given in Fig. 5 are for a conventional 
amplitude modulation detector. With 
synchronous detection in AM systems 
there is potential for increasing signal- 
to-noise ratio at the output by a factor 








Fig. 7—Rocketdyne's concept for Project SNOOPER, an interplanetary ion-propelled craft. 


of 3 db, according to Nielsen. 

Possibility of a more remunerative 
approach to increasing system range 
could come through use of the most 
efficient means of encoding data. Im- 
proved spaceship telemetry might come 
through a reduction of bandwidth after 
a critical evaluation of the information 
rate necessary for an experiment. 

One approach that might be taken 
would include a sophisticated system 
with asynchronous decoders and vari- 
able bandwidth receivers. The informa- 
tion rate would be controlled by ground 
command through an additional RF 
link. This would be programmed to use 
the various rates most efficiently. 

Also the command link could con- 
trol programming of transducer outputs 
to data channels of various capacities 
according to decisions made by a 
ground computer.* 





| Fig. 8—Solar-powered spaceship conceived by Convair's Krafft Ehricke for interplanetary travel. 
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Engineers: Act NOW to move your career years ahead, 


with the company building the power plants for 


ATLAS - THOR - JUPITER - REDSTONE 
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Even as you read this, RocKETDYNE 
is testing the mighty propulsion 
systems to launch the major missiles 
of the Free World. There’s a unique 
excitement in the work. It marks a 
turning point in history. Man is 
beginning to conquer space. 


POWER—AND STILL MORE POWER 

At Rocketpyne’s 1600-acre Propul- 
sion Field Lab. near Los Angeles, and 
in the new test stands at the Neosho 
plant in Missouri, the thrust ratings 
make previous engine development 
look puny by comparison. And still 
the demand is for even more power— 
power that gulps hundredweights of 
fuel per second—power that must be 
controlled with the delicate accuracy 
of a high precision instrument. 


NEW WORLD OF ENGINEERING 
This is a major new industry. The 


men who run it are professionals of 
an entirely new breed. Among them 
are mechanical and chemical engi- 
neers, physicists, dynamics special- 
ists, creators of control systems of 
all kinds, heat exchange experts, 
research men, test engineers capable 
of handling the mightiest engines 
ever built. Every day two miles of 
data tape come from the test stands 
to teach them something new. If the 
state of their art could be put into 
print right now, the book would be 
out of date in a week. 

At RocKETpYNE you'll work with 
methods and techniques years ahead 
of conventional industry. You'll be 
a fully informed partner in major 
projects. Your advancement will be 
limited only by your own ability, 
and our educational refund plan can 
step up your qualifications for posi- 
tions right at the top. 


YOUR CAREER CAN GROW FAST IN THIS FAST-GROWING FIELD 


NORMAN C. REVEL 
received his BS in 
Chem. E. at Geor- 
gia Tech. and an 
MSAE at Cal. 
Tech. specializing 
in jet propulsion. 
Following rocket 
and radar develop- 
ment in the Navy he joined North Ameri- 
can Aviation in 1946 as a research engineer. 
Now assistant chief of design and devel- 
opment, he also finds time to relax at his 
ranch home, bowl, golf, and play tournament 


bridge. 





PAUL D. CASTEN- 
HOLZ, Pacific com- 
bat veteran, grad- | 
uated B.Sc. (Eng.), 
UCLA 1949. From 
research engineer 
his grasp of rocket 
engine work raised 
him through a su- 
pervisory post in experimental development 
to assistant group leader in combustion 
devices, and then to group leader of experi- 
mental engines. Recently completed re- 
quirements for his MSc. Relaxes with hi-fi, 
fishing and back packing. 
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CANOGA PARK. CALIF. & NEOSHO, MO. * A DIVISION OF NORTH AMERICAN AVIATION, INC, 


. ag. BUILDERS OF POWER FOR OUTER SPACE 


MAiL THIS COUPON — FIRST STEP IN YOUR ROCKET ENGINE CAREER 


Mr. A. W. Jamieson, ROCKETDYNE Engineer Personnel Dept. MR-2 1 
6633 Canoga Avenue, Canoga Park, California 
Dear Mr. Jamieson: Please send me your brochure on careers at ROCKETDYNE. ! am interested 
in the following fields (check one or more): | 
Reliability [1] Preliminary Design [] Systems Analysis []) Turbopumps [] Combustion Devices [) | 
Applied Mechanics [) Engine Development [] Instrumentation [] Rocket Test Engineering [) | 
Computer Analysis () Research [) 
| 
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! 
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Spin-stabilizing 
the 
JUPITER-C 


S m/r went to press a large four-stage Army re- 

search rocket was positioned on its pad in prepa 
ration for launching at Cape Canaveral, Fla. The firing 
will depend on the rapidity and smoothness of the 
system checkout. Its payload will be a small cylindri- 
cal satellite mounted atop the solid-propellant fourth 
stage of the carrier vehicle. Shortly before the count 
down reaches zero, a switch will be thrown and a 
large aluminum “bucket,” housing the last three stages 
of the rocket, will start spinning rapidly. These spin- 
stabilized stages will separate from the first stage in 
the upper rarefied regions of the atmosphere and will 
continue on their way following a predetermined flight 
trajectory because of the gyroscopic stability induced 
by the spinning action. This will be the Army’s first 
attempt at launching a satellite with the JUPITER-C 
or JUNO I (the name suggested to eliminate confu 
sion with the JUPITER IRBM), but not the first trial 
for the vehicle or the spin mechanism. These were 
proven in missile nose cone re-entry tests last year.* 
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Below—Technicians of Reynolds Metals Co. (fabricators of the REDSTONE and 

JUPITER-C) make final profile concentric tests on nose section of JUPITER-C’s first 

stage REDSTONE. Right—Highly polished nose section (warhead on operational 
REDSTONEs) is attached to guidance and control housing section. 


tb ui sa, 


et Gj 





missiles and rockets 








Above—A finished "bucket" mounted on the spin- 
ning mechanism housing is prepared for shipment. 
The 30-inch-diameter housing will enclose 15 six- 
inch diameter rockets in two concentric clusters 
(1 in the second stage and 4 in the third stage). 
Above right—The aluminum spinner gear frame- 
work. Openings for the second-stage rocket's ex- 
haust can be seen in the lower ring. Right—A 
view of the spinner gear housing attached to the 
rocket "bucket." Spin rate of the upper stages is 
reported to be above 50 rpm. The REDSTONE 
first stage will contain all guidance equipment. 
Final stage will fire at apex of ballistic trajectory. 


Below—Missile technicians at Army Ballistic Missile Agency in Hi i 4 salt 
Huntsville, Ala. attach the satellite to top of the 4-foot fourth- iti 
stage rocket. Satellite plus the expended rocket shell will result 

in an orbiting unit 6 ft. by 6 in. 


Above—Complete guidance, control and spin-stabilization frame- 
work ready for delivery to Army at ABMA. Total of |! JUPITER-Cs 
were manufactured. Nine remain for satellite program. 
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NEW LIQUID NITROGEN PUMP 
PROVIDES HIGH PRESSURE GAS | 
FOR MISSILES AND ROCKETS 


it solves many missile systems 
problems and is highly useful for aircraft cooling 
systems and ground support equipment 


A compact, extremely light weight unit, it can 
be used to supply high pressure nitrogen gas in 
almost unlimited applications. A positive displace- 
ment type liquid nitrogen pump, it is driven by a 
small turbine and is installed in a vacuum jacketed 
liquid nitrogen container which serves as a supply 
reservoir. By passing the liquid nitrogen through a 
heat exchanger, it is converted to a gas at 3000 psi 
which serves to drive the turbine and pump as well 
as furnish a gas supply for missiles, aircraft or 
other uses. 

Experimental development and testing over a 
period of a year have demonstrated its capability 
and engineering studies show that the unit is a 
means for solving the following problems: 





1. Pressurization of propellant tanks. 


Ja 





. Purging of fuel tanks. 





. Cooling of electronic equipment. 








2 
3 
4. Local cooling of aerodynamic surfaces. 
5 


. Provision of clean inert pneumatic system 
working fluid. 












6. Provision of clean inert working fluid for 
accessory power unit. 


— 





j ‘ 

| 3000 PSI GAS 

7. Provision of fire extinguisher fluid. ems: 

8. Provision of ground supply of high pressure EXCHANGER 
nitrogen. 








VACUUM 
INSULATED 
CONTAINER 








By combining several of these functions in one 
system, substantial weight savings can be made by 
elimination of duplicate equipment. 








For complete performance data or further information on 
how this unit may be used to solve your problems, please SCHEMATIC DRAWING OF 
contact our Application Engineering Department. LIQUID NITROGEN PUMPING UNIT 


SUNDSTRAND-DENVER 


2480 W. 7Oth Avenue + Denver 21, Colorado 
? 


A DIVISION OF SUNDSTRAND MACHINE TOOL COMPANY 


Complete design, development and precision manufacturing facilities 
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Power Packages for 
Medium-sized Missiles 


HE ELECTRICAL requirements of 

missiles vary widely according to 
overall size, the type of guidance and 
control employed and the kind of 
mission encountered. On the one 
hand there is the proximity artillery 
shell employing tiny batteries or ram- 
driven turbine alternators; and on the 
other, very large ICBMs whose power 
needs, though classified, may be ex- 
pected to be substantial. Between these 
extremes lie a large number of missile 
configurations, mostly of the air-to-air 
and surface-to-air type, with total 
weights of up to several hundred 
pounds, whose power needs are broadly 
similar, and it is with this group of 
weapons that this article is concerned. 





The authors are associated with 
The de Havilland Aircraft of Canada, 
Ltd., guided missile division. 


Canadian industry 
using and testing 


varzety of types 
by A. E. Maine and E. Wall 


At the present time a broad dis- 
tinction can be made in regard to 
power-unit types for the small- and 
medium-sized missiles: they are either 
Static units employing batteries or ro- 
tary units consisting essentially of an 
energy source, a turbine and a high- 
speed alternator. In the latter case, the 
energy source may be compressed gas, 
solid propellant or a liquid monofuel. 

The choice of which of these to 
use in a given situation is not usually a 
clear-cut matter since their respective 
advantages and disadvantages overlap 
in a somewhat complicated manner. 

Within certain limits, the physical 
size of many electronic components 
and circuit arrangements diminishes as 
the supply frequency is raised. Conse- 
quently there is considerable merit in 
choosing basic supply frequencies well 
into the audio frequency band. An ex- 
ception to this general trend concerns 


electric motors, where design difficul- 
ties and falling performance at abnor- 
mally high supply frequencies set a 
definite limitation. For this reason it is 
not unusual to divide the total electrical 
demand into two parts, for motor and 
electronic loads, and supply each from 
a separate generator sharing a common 
shaft. 

The size of the high-frequency 
generator mentioned earlier is approxi- 
mately proportional to the reciprocal 
of the shaft speed. It follows that the 
higher this can be made, the smaller 
the generator for a given power out- 
put. The impulse turbine prime mover 
matches the required generator drive 
very well and substantial horsepower 
rating at speeds up to 100,000 rpm can 
be realized in a few cubic inches of 
space. At these speeds, slip rings and 
commutators are virtually ruled out in 
generator construction, owing to pro- 
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Fig. |—Block diagram of proportional speed control. 
February, 1958 


Fig. 2—Block diagram of on-off type speed control. 
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hibitive friction losses and significant 
degradation of reliability. Therefore, 
the machines must be of the permanent 
magnet excited type or of the so-called 
polar inductor configuration. 

Speed and voltage control of the 
missile generators are usually required 
and the necessary control means be- 
come an integral part of the whole 
power unit. Such units, then, character- 
istically are densely packed electrome- 
chanical assemblies and almost fully 
self-contained in all respects. 

In order to give a better appreci- 
ation of the missile power unit outline 
presented so far, some aspects of 
typical compressed-air- (or nitrogen-) 
driven units should be considered. 


Pneumatic System 


The energy storage device is a 
steel bottle of spherical, cylindrical or 
toroidal shape, depending on local mis- 
sile topography, fitted with a high-pres- 
sure nonreturn valve for charging pur- 
poses. Leading from the bottle is a 
starting device which may be either a 
squib-operated bursting disc or a mag- 
netically operated servo valve with me- 
chanical or pneumatic latch-on. The 
primary function of this valve is to 
initiate full air flow to the turbine 
within milliseconds of receiving an elec- 
trical pulse. 

Air from the starting valve is led 
to the pressure-reducing valve, where 
the high storage pressure is reduced 
to a lower value optimized for the 
particular turbine used. At the down- 
stream side of the reducing valve a 
branched union is often fitted to enable 
check-running of the power unit from 
a low-pressure source. This is a useful 
feature since the required pressures 
and flows can usually be supplied from 
conventional industrial compressors, 
which usually have a wide distribution 
at military centers. 

The air from the reducing valve 
is routed to the turbine wheel nozzles 
either directly or through some form 
of control valve in order that speed, 
and hence generator frequency, may be 
controlled by electro-pneumatic means. 


Throttle Control 


One form of throttle control con- 
sists of a balanced-type magnetic cir- 
cuit in which a double-ended armature 
is located. The static part includes a 
pair of permanent magnets whose 
fluxes link the rotor and provide a high 
centralizing force. Coils are wound on 
the device, and when currents flow in 
these, the armature shaft rotates a pro- 
portional amount. With proper design a 
few watts of excitation can provide 
torques of some 2 in.-lbs. through an 
angle of about 20°. A sleeve-type throt- 
tle valve attached to the shaft deter- 
mines: the air flow to the turbine. 
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An alternative flow controller, 
quite unlike the proportional transducer 
described, is the magnetic on/off valve. 
In some circumstances this may be 
used successfully for speed control. As 
the name implies, the valve is either 
open or shut, and reliance is placed on 
the high inertia of the rotating parts in 
the system to smooth out the switching 
transients. Systems employing these 
valves usually operate so that the valve 
is cycled on and off at a fixed frequency 
and the time of dwell in each condition 
is made controllable. This technique 
confers upon an essentially two-state 
device a measure of proportion. 

Valves for this purpose depart 
significantly in design from conven- 
tional magnetic shutoff types since they 
must be very fast-acting and operate 
with a minimum of excitation. Both of 
these requirements. can be met in a 
design where a small steel ball serves as 
both the moving armature and pneu- 
matic shutoff device, working directly 
into a suitable seating. The valve de- 
scribed appears more suitable for rela- 
tively crude speed controls or for “hot” 
gas systems provided that operating 
temperatures are not too severe and 
spill valves are available. 


A_ possible 


objection to the scheme is the reaction 
of the electrical transients back on the 
main generator outputs. 

Full-admission turbine designs are 
usually inconvenient for small missile 
applications and consequently partial- 
admission schemes, with a few nozzles 
or perhaps only one, are quite com- 
mon. Wheels are made from aluminum 
alloy or sometimes magnesium, turned 
and profile-milled from the solid. Di- 
ameters are usually kept to the maxi- 
mum permissible since efficiency im- 
proves as the ratio of peripheral speed 
to gas velocity increases. Nozzle and 
bucket design represent areas of much 
research and development, and special- 
ized test facilities are required in order 
to assess efficiencies, gas processes, noz- 
zle performance and other important 
matters. 

Often, the time taken between the 
turbine at standstill to the system run- 
ning at full speed with the transient 
completed is of considerable impor- 
tance. In this case auxiliary nozzles, 
operating only in the starting condi- 
tion, can be supplied from a _ high- 
pressure point through a mechanical 
delay so that the system reaches steady- 
state running in a time less than one 
second. 








Fig. 3—Typical voltage regulator unit with regulation accuracy of two per cent. 
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Electrical Generators 


The lower-frequency generators 
for driving motor leads are mostly 
three-phase types with a permanent 
magnet rotor. Close voltage regulation 
is not usually required and a machine 
with a well-stabilized magnet is suf- 
ficient for the purpose. In some cir- 
cumstances capacitor-excited induction 
generators are attractive possibilities, 
especially as this type of machine can 
be used as a motor for maintaining 
correct shaft speed in the prelaunch 
condition. In isolated cases voltage 
regulation can be provided by means 
of external schemes—notably magnetic 
amplifiers, designed to absorb only a 
fraction of the line voltage. 

Occasionally the motor load power 
required is relatively small, and it is 
sometimes more convenient to dispense 
with a separate generator and use in- 
stead ferroresonant magnetic frequency 
dividers energized from the high-fre- 
quency machine or to generate the re- 
quired power using wholly electronic 
means. 

In the de Havilland Co. a very 
satisfactory high-speed, low-frequency 
machine has been successfully de- 
veloped from a well-established prin- 
ciple. It may be described as a perma- 
nent magnet synchronous motor-alter- 
nator incorporating a squirrel-cage in- 
duction rotor. The machine runs up 
as an induction motor when its wind- 
ings are excited from an aircraft or 
ground installation, and upon reaching 
a small slip, pulls into synchronism 
automatically, remaining so over a wide 
range of shaft loads. However, when 
the shaft is driven by a prime mover, 
it behaves as a normal permanent- 
magnet generator, the squirrel cage 
taking no part in the action. This 
machine permits synchronization of the 
missile and external control circuits be- 
fore launch, and of course eliminates 
the starting delay common to non- 
motoring schemes. As mentioned earlier, 
no rotating electrical contacts are in- 
volved. 

A polar inductor alternator for 
generating the high frequency power 
comprises a laminated stator and a 
simple nonwound salient pole rotor. 
When rotated the magnetic flux gener- 
ated by the field excitation applied to 
opposite quadrants of the machine is 
switched, and armature windings also 
wound on the stator embrace the 
changing field and produce the high- 
frequency output. The steady field may 
be created by means of a permanent 
magnet or conventional wound fields or 
both. If windings are used, control and 
regulation of the output voltage may 
be readily achieved. 

The class of machine described 
usually possesses a relatively high in- 


February, 1958 





Fig. 4—Air-driven missile power unit with integral power pack for regulated de voltages. 


ternal inductance, and it is common 
practice to series-tune the main wind- 
ings in order to increase the available 
load power. Prevention of waveform 
distortion due to the connection of 
nonlinear reactive loads such as mag- 
netic amplifiers can be secured by 
means of special filter techniques. 
Power outputs of up to 750 watts per 
pound machine weight are readily pos- 
sible. 


Speed-control Circuits 


Fig. 1 shows a simple arrangement 
for providing speed control based on 
the use of the proportional transducer 
described earlier. A pair of series 
resonant circuits tuned at each side of 
the required frequency are excited from 
the HF generator output. These feed 
full wave rectifiers. DC signals from 
the rectifier bridges are applied to a 
pair of magnetic amplifier control coils 
connected in opposition. The push-pull 
magnetic amplifier in turn controls the 
differential currents to the proportional 
throttle and hence the air flow. If 
the speed changes from the nominal 
value, the effective magnetic amplifier 
control signal departs from zero and 
appropriate corrective movement of the 
throttle takes place. 

Turning to the dynamics of the 
system, by far the most prominent 
term is the first order lag representing 
the relationship between a step change 
of throttle setting and the correspond- 
ing shaft velocity. The long time-con- 
stant involved overshadows all other 
dynamics; consequently substantial loop 
gains giving excellent regulation are 
possible with good stability. With the 
loop closed, the long time-constant is 


effectively divided by the loop gain so 
that action is fast and well damped. 


Fig. 2 shows a block diagram of 
a speed-control scheme based on the 
magnetic on/off valve. A square wave 
magnetic oscillator passes a signal to 
a second magnetic amplifier, which be- 
haves as an integrator and produces 
symmetrical triangular waves. These 
waves are passed to a summing point 
where a dc bias proportional to fre- 
quency deviation is added. The com- 
bined output is fed to a magnetic 
switch amplifier which changes its state 
each time the combined signal changes 
sign. The ball valve being excited from 
the on/off amplifier moves in corre- 
spondence. 

The effect of the dc bias is to 
control the points in the triangular 
waves at which the polarity changes; 
consequently the “variable time of 
dwell” type of proportional control 
mentioned earlier is provided. 

A further type of speed control, 
which has the advantage of placing no 
moving parts in the gas stream, em- 
ploys an eddy-current brake disc fitted 
to the rotating shaft. The disc, which 
may be the turbine wheel itself, runs 
in the gap of a simple electromagnetic 
yoke and the electrical excitation ap- 
plied to this determines the retardation 
effect. 

Normally, the system is designed 
so that the braking effect is very small 
at maximum load and the control cir- 
cuit replaces shaft load as electrical 
power is reduced elsewhere in the 
missile system. Turbine and nozzles can 
be optimized under practically constant 
load conditions. The scheme is there- 
fore quite attractive, especially for hot 
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of temperature changes. 


gas units, provided the pressure regu- 
lation is good. 
Voltage Regulation 

Fig. 3 shows a photograph of a 
typical missile voltage regulator unit 
capable of a regulation accuracy of +2 
per cent for a generator rated at several 
hundred watts. 

A dc signal proportional to the 
average value of the line voltage is 
applied to a bridge containing Zener 
silicon reference diodes, and the design 
factors are chosen such that the bridge 
is substantially balanced at the nominal 
ac line voltage. The bridge output is 
led to the control coil of a magnetic 
amplifier which in turn feeds the field 
coils of the high frequency machine. 
Strong negative current feedback is 
applied to raise the amplifier output 
resistance, thereby shortening the field 
time constant and eliminating the effects 
As for the 
frequency control, a dominant lag is 
provided—in this case by the magnetic 
amplifier—and a fast-acting, stable 
regulator results, free from special net- 
works and intrinsically simple and re- 
liable. 

Sometimes the missile load is al- 
most perfectly constant or, alterna- 
tively, a fairly wide line-voltage toler- 
ance is acceptable. In such cases 
a closed loop control is not necessary 
and is replaced by a device which sup- 
plies constant current to the machine 
field. A favourable element that may 
be used for this purpose is a magnetic 
amplifier equipped with positive feed- 
back to give infinite gain. 

Typical Missile Packaged Unit 

Fig. 4 shows a general assembly 
view of an air-driven unit. The air 
bottle is of toroidal shape and is 
mounted at the front of the unit for- 
ward of the turbine and pneumatic de- 
vices. The HF machine and permanent- 
magnet low-frequency alternator are 
located at the rear. 

This unit does not have the motor- 
ing feature, but does contain the missile 
powerpack as an integral part. This 
takes the form of a number of detach- 
able strips each producing and regulat- 
ing a particular dc voltage used directly 
by the missile circuits. Filament volt- 
ages are also supplied by the unit. 


Solid-propellant Power Unit 

An early type turbine alternator 
with a solid-propellant energy source 
was designed by the de Havilland Pro- 
peller Co. of the UK. Quite different 
problems arise in the design of hot 
units because of the gas temperature, 
which usually exceeds 1200°C. Pressure 
control and filtering also constitute 
major design obstacles and speed con- 
trol means are not easy. In spite of 
the high temperature it is not unusual 









to employ light-alloy turbine wheels, 
which are not dangerously heated 
owing to the short dwell time in the 
gas stream. Steel wheels are also used 
and have the advantage of higher 
inertia in some control schemes. Gener- 
ally speaking, it is desirable to use a 
dissipative form of speed control, al- 
though throttles can be used, provided 
the filtering is reasonably good and 
adequate force is available to actuate 
the throttle. Here a powerful magnetic 
relay controls a wide clearance spool 
valve, which in turn admits bled-off 
and filtered hot gas to a ram-type 
servo amplifier. Movements of the ram 
are communicated back to the relay by 
means of a mechanical linkage, this 
feedback loop acting to position the 
ram in a proportional manner. At- 
tached to the ram, which can exert a 





Fig. 5—Heat sink casting for transistors. 


force of up to 100 Ibs. is a translatory- 
type throttle controlling the admission 
of gas to the wheel. The relay coils 
are energized from the type of ampli- 
fier and signal source described for the 
air turbine. 


Static Battery Power Supplies 


Power supplies for test missiles 
often consist of a collection of dry 
batteries giving directly whatever oper- 
ating voltages are required by the mis- 
sile circuits. Occasionally a _ rotary 
converter is included with the battery 
pack for particular ac or dc outputs. 

A somewhat more convenient ar- 
rangement, also applicable to test mis- 
siles, consists of a single secondary 
battery, usually of 28v dc rating, feed- 
ing vibrator-type powerpacks. The ar- 
rangement is useful since only a single 
external supply is needed to operate the 
circuits before the missile is launched, 
at which time the missile battery is not 
normally in use. 

Neither of these schemes are at- 
tractive operationally, notably because 
of the poor logistics situation and 
second-order reliability. The transistor, 
however, represents a very effective dc 
power conversion means. Systems em- 
ploying the latest advances in battery 
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Lycoming 

kept a copter 
going nowhere... 
fast! 


Rarin’ to go—after 750 hours—Lycoming’s 
O-435-23B engine went on to power the 
new Hiller H23D Raven to a new record 
for helicopter tie-down performance. The 
Raven became the first Army copter to run 
1000 hours without an overhaul. During 
this time, its 250-hp Lycoming engine 
encountered the most severe conditions 
which can be imposed, including use of full 
power in overspeed for ten per cent 


of the test time. 


After the rigorous endurance run, Hiller 
engineers reported the Lycoming engine 
“could have run much longer’’—one more 
tribute to the versatility and dependability 


of Lycoming. 


Avco today... Its products are integral 
parts of the American scene—at home, 


in industry, and for defense. Its divisions are: 


Lycoming—aviation, marine, industrial 
power plants . . . Crosley—electronics 
systems and aircraft structures. . . 

AK Division—kitchen equipment and 
architectural porcelain ... New Idea and 
Ezee Flow—specialized farm equipment... 
Research and Advanced Development 
missile and allied research . . . Crosley 
Broadcasting Corporation—the WLW 
Radio and TV Group. .. Moffats, Limited 
(Canada)—commercial gas and 


heating equipment. 


Avco Manufacturing Corporation 
420 Lexington Avenue, New York, N. Y. 
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Too Many Circuits? 
Too Little Space? 


Use ‘““SUB-MINIATURE” Precision 
Slip Rings by ELECTRO TEC 


If space is a problem in your circuit design, there’s an Electro Tec 
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ance, absolute uniformity and the ultimate in miniaturization. 





Electro Tec slip rings are produced by an exclusive manufactur- 
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cations where precision, low torque friction, superior electrical 
characteristics, top mechnical strength and absolute tolerance at 
minimum cost are a must. 

There is an Electro Tec engineer near you. He will be glad to 
visit you and help on your design problem. 

Pat. No. 2,696,570 Write for illustrated literature. 


ELECTRO TEC CORP, “eds of Precision 
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technology and refined transistors and 
associated circuits represent a strong 
challenge to other types of power unit 
in certain favourable circumstances. 
The later provision is made because, 
being a different sort of device, it has 
different properties. It is always most 
important to relate power unit features 
to the application and avoid the con- 
cept of one scheme merely competing 
with another 


Transistorized Supply 


Fig. 5 shows the forward end of a 
proposed missile power unit which be- 
fore launch is supplied from the 28v 
de aircraft battery. At launch, the “one- 
shot” battery is actuated and the mis- 
sile continues its mission, supplying 
power to its own converters. The as- 
sumed outputs, which are well within 
present-day techniques, are 350 watts 


| of 400 cps power and 400 va of 2.5 





kc power, the voltage regulation in 
each case being about two per cent 

The 400 cps section starts with a 
stable oscillator whose output feeds a 
phase shifter containing a dc variable 
inductor. Two signals at 0° and 90° 
relative phasing are amplified and fil- 
tered in limiting amplifiers. Applied to 
a “T” transformer, they form the sec- 
ondary from which a 400 cps signal is 
derived. The phasing of the two input 
signals is monitored by a phase-sensi- 
tive detector and any departure from 
90° results in a de control signal which 
adjusts the variable inductor in the 
phase shift bridge so as to reestablish 
the required relationship. This phase 
lock circuit can be made to operate 
satisfactorily over an appreciable fre- 
quency range. 

Ihe three-phase signal is applied 


| to a group of driver stages which in 





turn feed the main power amplifiers, 
each containing the requiste number 
of transistors connected in series or 
parallel push-pull. Negative voltage 
feedback is applied to each power and 
driver stage, and overall feedback to 
give the required voltage reference is 
taken from one output phase back to 
the oscillator. 

The 2.5 ke channel is arranged in 
basically the same way except, of 
course, there is no need for the phase 
splitting and lock circuits. The unit 
shown in Fig. 5 is a heat sink casting 
carrying the power transistors, used in 
the forward end of an experimental 
power unit. Two such units are used, 
with the major part of the circuit com- 
ponents and the one shot battery car- 
ried in the cylindrical space between 
them.* 
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Progress with TITANIUM “a 





Announcing... 





Two new 





Titanium alloys 


for high temperature 


applications 


MST S21... the highest strength weldable sheet & bar alloy in 400—1000°F range 


MST 2.S5AlI-1GV... the first readily formable, heat treatable sheet alloy 


Two new alloys developed by Mal- 
lory-Sharon now extend the high 
temperature usefulness of titanium. 


MST 821 is a weldable sheet and 
bar material with exceptional high 
temperature strength. It offers 
strengths equivalent to similar ti- 
tanium alloys at temperatures two 
hundred degrees higher, in the 400 
to 1000°F range. MST 821 is ther- 
mally stable, and has good ductility 
and formability. 

MST 2.6AI-16V was developed in 


response to needs of the airframe 
industry for a sheet alloy which 


would be soft and formable in the 
annealed condition, and which could 
be heat treated, after forming, to 
high strengths while retaining duc- 
tility. With this material, yield 
strength can be as low as 50,000 psi, 
to permit easy fabrication, then in- 
creased to 150,000 psi by heat treat- 
ment. Age hardened sheet has good 


short-time hot strength— about 
100,000 psi yield strength up to 800°F. 

These alloys, now in limited com- 
mercial production, are further evi- 
dence of rapid advances in titanium. 
Use Mallory-Sharon’s outstanding 
technical experience and service on 
your present requirements — or 
future plans—in titanium. 


MALLORY- SHARON 


a 





METALS CORPORATION 


. NILES, OHIO 


Integrated producer of Titanium ¢ Zirconium *¢ Special Metals 
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Redstone and 


Jupiter Guidance 


Share Production Line 


inertial systems buzlt 


in same manufacturing facility 


HE U.S. ARMY recently released 

first pictures of the Redstone/Jupi- 
fer inertial guidance system production 
line at Ford Instrument Co., Long 
Island City, N.Y. 

Because of the similarity of Red- 
stone and Jupiter guidance components, 
it has been possible to use the same 
production line for a programmed 
phase-in of Jupiter manufacture. The 
first all-inertial guidance systems pro- 
duced in the United States were manu- 
factured by this company and the first 
system actively guided a Redstone mis- 


Stabilized platforms in final assembly and test prior to ship- 
Platform 
foreground has air-bearing gyros and accelerometers removed. 


ment to ABMA for installation in missile. 
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sile in April 1955. Currently assisting 
in production are the Sperry Farragut 
and Sperry Gyroscope divisions of 
Sperry Rand Corp. 

These guidance systems had their 
beginnings in an inertial guidance sys- 
tem used as far back as 1937 to guide 
the German A-5 missile launched from 
Peenemunde. Outgrowth of this was 
the V-2 guidance system developed by 
Dr. Wehrner von Braun with many of 
the same associates who developed the 
Redstone and Jupiter systems at the 
Army Ballistic Missile Agency. The 


shown in 


system is of the conventional all-iner- 
tial type except that the stabilizing 
gyros and integrating gyro accelerom- 
eters use air bearings. 

Gen. Medaris, head of the Army 
Ballistic Missile Agency has 
“Inertial guidance gives these missiles 
an all-weather operating capability and 
makes them absolutely immune to elec- 


declared, 


tronic countermeasures. The _ inertial 
system,” he concluded, “has success- 
fully guided the flight of many Red- 


stone missiles and has been used suc- 


cessfully in the Jupiter missile.”* 


Test engineer making final check of air-bearing gyro before as- 
sembling to stabilized platform. All test and assembly opera- 
tions are carried out 


in the controlled-environment laboratories. 
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Missile control computer (above) undergoing 
exhaustive performance check in the environ- 
mental and reliability engineering program 
carried out by Ford. Program is a_ continu- 
ing parallel effort carried on while production 
is uninterrupted. Aim is to come up with 
equipment capable of withstanding all storage 
and handling conditions when missile is de- 
ployed for troop use. 


Gyro assembly area (above, right) where the 
air-bearing gyros and gyro accelerometers 
are completely assembled and then tested for 
individual performance before assembly to 
stabilized platform and shipment. 
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In the photo above, test engineers are mak- 
ing drift-rate checks on air-bearing accelerom- 
eters. These units, an outgrowth of accelerom- 
eters used on the V-2 missile, are extremely 
sensitive due to the almost frictionless air 
bearing around their precession axes. Metic- 
ulous performance testing and calibration 
are necessary prior to assembly on the missile 
stabilized platform. 


To the left, a JUPITER missile inverter, used 
to provide ac power for the quidance and 
control system, is undergoing vibration and 
acceleration testing. All components of the 
inertial guidance system are subjected to 
environmental testing which duplicates con- 
ditions of actual missile flight. Other environ- 
mental facilities include heat, cold, sand and 
dust chambers, and shock testers. Inverter 
shown here must deliver ac power with close 
regulation of voltage and frequency while 
being cycled through these tests. Fluctuations 
in performance could have serious effects on 
the guidance and control system while the 
missile is in flight. 
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DELCO HIGH POWER TRANSISTORS 


Thousands of Delco high power germanium transistors are 
produced daily as engineers find new applications for them. 
In switching, regulation, or power supplies—in almost any 
circuit that requires high power— Delco transistors are adding 
new meaning to compactness, long life and reliability. 

All Delco transistors are 13-ampere types and, as a family, 
they offer a collector voltage range from 40 to 100 volts. Each 
is characterized by uniformly low saturation resistance and 
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high gain at high current levels. Normalizing insures their 
fine performance and uniformity regardless of age. Also 
important—all Delco transistors are in volume production 
and readily available at moderate cost. 

For complete data contact us at Kokomo, Indiana or at 
one of our conveniently located offices in Newark, New Jersey 
or Santa Monica, California. Engineering and application 
assistance is yours for the asking. 


DIVISION OF GENERAL MOTORS, KOKOMO, INDIANA 
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Tracking 
Long-range 
Missiles 


charts stmplafy 
choice of 


tracking stations 


by Raymond M. Nolan 


N THE 10TH of January, the 

Atlas intercontinental ballistic mis- 
sile was fired for the second successful 
time in four attempts. The Depart- 
ment of Defense announced that the 
latest test, like the previous successful 
one, was one of limited range and that 
the missile had landed in the pre- 
selected impact area. “Limited range” 
in these cases probably means that tests 
of the rocket-booster mechanism are 
being conducted as the initial part of 
the range testing program. 

One element of the test program, 
important not only in the early phases, 
but throughout the entire testing cycle, 
is the precise determination of missile 
position at any given instant of flight. 
This is accomplished, of course, by 
elaborate radio tracking facilities at the 
launching site and at the various down- 
range tracking sites strung out over the 
South Atlantic Ocean. 

Long-range missiles of the IRBM 
and ICBM types, because they travel at 
such tremendous speeds and go such 
extended distances beyond the horizon, 
require truly accurate and precise radio 
tracking equipment to find the missiles 
in the air and monitor their flight paths. 

A critical consideration in de- 
signing and installing radio tracking 
equipment such as that used at the 


Atlas ICBM. Range testing program now 
in progress requires precise determination 
of position during flight. Aids to track- 
ing simplify problem at high altitudes. 
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NOW for both CEC’s 5-114 and 
5-119 Recording Oscillographs 





...examine test results immediately 
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Fig. Relationship between distance radio waves will travel to antenna elevation angle. 


U.S. Air Force Missile Test Center, 
Cape Canaveral, Fla., is the exact range 
or distance that radio waves will travel 
and still accurately report precise posi- 
tion information back to the launching 
area. 


Most electronic missile-tracking 
systems are limited in range to what is 
commonly called “radio line-of-sight.” 
This distance, which is slightly longer 
than visual line-of-sight because waves 
are refracted in a different manner in 
the upper atmosphere than light waves, 
tends to vary in accordance with the 
frequency of the radio waves. 

Fig. 1 shows the relationship of 
the distance that radio waves will travel 
to the elevation angle of the radio 
antenna. The atmosphere, for this rep- 
resentation, is divided into finite bands 
of bending characteristics dependent on 
the altitude above the earth’s surface. 
The interesting factor to note is that 
the paths of the radio signals are not 
Straight lines, as is usually assumed for 
conventional radio applications. 


Prior to the advent of long-range 
missiles, which must be tracked by 
accurate systems, not too much atten- 
tion was paid to these bending char- 
acteristics of VHF and higher fre- 
quency signals: for ground communica- 
tion purposes, the atmospheric effects 
of high-altitude refracting phenomena 
are not too pertinent. However, with 
missiles traveling to 200 and more 
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Fig. 2—IRBM/ICBM altitudes and ranges. 














Fig. 3—Radio wavepaths at various angles. 
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miles in altitude, these factors take on 
new importance. 

To provide an accurate basis for 
precise measurements, some graphical 
means are required for determining the 
distance VHF radio signals will travel, 
depending on their frequency and the 
maximum height they are expected to 
attain. Figs. 1-3 show some graphical 
aids to missile tracking by radio in- 
strumentation developed by Cubic 
Corp., San Diego, Calif. in conjunction 
with electronic tracking equipment 
manufactured by that company for the 
U.S. Air Force. 

Fig. 2 shows the initial and final 
major missile-tracking ground installa- 
tions currently manned by the Air 
Force and its contractors for the pur- 
pose of monitoring the flights of long- 
range missiles. 

Fig. 3 contains distance data in 
the form of curved lines which cor- 
respond to paths of radio waves at 
various frequencies and at various ele- 
vation angles to the earth’s surface. 

Using Fig. 2 as overlay and 
viewing it simultaneously with Fig. 3 
simplifies the preliminary ground- 
tracking arrangements for a long-range 
missile flight. To choose the number of 
ground stations needed to track a forth- 
coming flight and determine the op- 
timum islands and other installations on 
which to place the ground radio equip- 
ment becomes no more than a routine 
operation.* 
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This Testing Console, designed and 
built by Sun for Continental Avia- 
tion and Engineering Corporation, 
is used to check out the Control 
Island Fuel System of Continental 
Models MA-1 and MA-1A Air Com- 
pressor Engines, prior to assembly 
in jet engines. 

A complete control island assembly 
is mounted on the tester drive pad 
while fuel, lubricating oil and air 
are delivered under simulated op- 
erating conditions. Fuel/oil flow 
and pressures are accurately con- 
trolled and temperatures regulated 
throughout the full operating range. 
Typical of the many specialized 
testing units produced by Sun, we 
invite you to present your testing 
equipment problems to Sun engi- 
neers. Our extensive experience in 
this field, comprising expert engi- 
neering and production facilities 
are at your disposal. 






FUEL: Specification 
Flow 


Reservoir Capacity 
Temp. Control 
OIL: Specification 
Flow 
Reservoir Capacity 
VACUUM 
AIR 


DRIVE 

SPEED RANGE 

ACCURACY 

ELECTRICAL REQUIREMENTS 
GAGES 


LEADING PARTICULARS 


MIL-F-7024 Type 2 

15 gpm at 50 psi—5 to 
1200 pph with valving and 
piping capable of 5 to 2000 


pph 
30 U.S. gallons 


....Accurate to +0.5 degrees 


MIL-0-6081B 
Gravity feed 


...12 U.S. galions 


28 in. at 0.6 cu. in. per min 
30 and 50 psi 





of FLOWS and PRESSURES of 
LUBE OIL, FUEL, VACUUM 
and AIR for JET ENGINE 
CONTROL ISLANDS 


Variable, 5 hp electric motor 


3000 to 11,000 rpm 
+% of 1% full range 
220/440 v, 3 ph, 60 cy AC 


Accurate to 42 of 1% full scale 


Sun ELECTRIC CORPORATION 


LOS ANGELES AERONAUTICAL DIVISION: 6703 Sepulveda Bivd., Los Angeles, California 
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Designing for Simplicity 


extreme reliability the goal 


in electronic design 


by Edward S. Shepard 


HE TRANSMISSION of informa- 

tion or data plays an increasingly 
important role in man’s conquest of his 
environment. The development of 
means for transmitting data between 
distant objects—telemetering—is as sig- 
nificant to modern technology as was 
the formulation of spoken or written 
language to earlier progress. Teleme- 
tering is generally defined as the indi- 
cating, recording or integrating of a 
quantity at a distance by electrical 
translating means. The main emphasis 
here is on electronic data transmission 
with a single component, the voltage- 
controlled oscillator (VCO), the par- 
ticular subject. 

In May 1957, the Shepard Instru- 
ment Co., at the request of one of the 
leading missile centers, began develop- 
ment work on a missile telemetering 
device known as a Voltage-controlled 
oscillator, one of the more essential 
portions of a missile data transmission 
system in the sensing of signal infor- 
mation as a function of the original 
physical measured quantity. The need 
to know what is happening to a missile 
under test has opened a whole new 
field of telemetering where delicate 
electronic components cannot  with- 
stand the environment and do not per- 
form their function with an acceptable 
degree of reliability. 

Lack of simplicity in engineering 
design is believed to be one of the 
most significant causes of unreliability 
of military electronic equipment today. 
Because of this, a simple, rugged and 
reliable VCO was the design objective. 

The entire program was aimed at 
breaking through the frontiers of tran- 
sistorized telemetry and toward the de- 
velopment of a thoroughly reliable unit 
which would satisfy all customer de- 
sign criteria. 





The author is chief engineer, Shepard 
Instrument Co., Phoenix, Ariz. 


February, 1958 


Unhampered by traditional think- 
ing, Shepard engineers developed a new 
and entirely different concept in teleme- 
tering where simplification is con- 
sidered an advancement over presently 
available equipment. This simplification 
required the development of compo- 
nents which were both small and 
strong. 

It is 


fortunate that the terms 


acteristics. Fig. 1 shows the VCO before 
and after encapsulation and packaging. 

Operational requirements severely 
restricted the number of circuit ele- 
ments or component parts that could 
be used to meet the required operating 
specifications. This meant that the 
usual practice of adding circuitry had 
to be eliminated and replaced by a 
design technique based on simplicity— 





Fig. 1—Block diagram of typical application for a voltage-controlled oscillator and 
equivalent oscillator tuned circuit with de input. 


“small” and “strong” go _ together, 
weight being proportional to the cube 
of the linear dimension, while the sup- 
porting area is proportional to the 
square of the linear dimension. Thus, 
reduction in size by a factor of 10 re- 
sults in an object the strength of which 
is increased by 10 under acceleration. 
This is one of the reasons why the 
VCO can be constructed to withstand 
the high vibratory and accelerating 
forces which occur in missiles today. 

The VCO itself is transistorized 
and completely encapsulated into a 
final plug-in component that is mois- 
ture proof, has no adjustments of any 
kind, and is rugged enough so that it 
can be fired against a cement wall with- 
out impairment to its operating char- 


one that required considerable thought 
by the designer on the exact and pro- 
portionate relationship between various 
circuit elements. It was this relation- 
ship that provided the reliability and 
accurate performance of these new 
telemetering devices. 

A new method of controlling an 
oscillator frequency electrically has 
been made possible by the character- 
istics of the transistor. Fig. 2 is a sche- 
matic diagram of the encapsulated 
transistorized VCO. 

In this application, the voltage 
across the tuned circuit is 90° out of 
phase with the current in the loop. 
During alternating half-cycles, the cir- 
culating tank current passes through 
the emmiter-to-base diode of a modu- 
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with Statham 


Transducers 


WHEN THE NEED 
iS TO KNOW...FOR SURE 
SPECIFY STATHAM 


Accelerometers + Load Cells 
Pressure Transducers 


Catalog, complete with prices, 
available upon request. 


INSTRUMENTS, INC. 
LOS ANGELES 64 
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lator transistor, and during the remain- 
ing half-cycles, passes through a diode. 
A de control-signal current is fed into 
the input terminals and biases the emit- 


| ter of the modulator transistor by vary- 


ing amounts. 
The collector of the modulating 
transistor will then supply reactive cur- 


| rent to the tuned circuit, causing a shift 


| 


in the oscillator which, though primari- 
ly designed for use in FM/FM teleme- 
tering transmission systems, finds use- 
ful application in other mobile or fixed 
ground installations. Its function is to 
convert intelligence in the form of a 
variable voltage to a frequency-modu- 
lated subcarrier signal in one of the 





channels. This frequency-modulated 
output signal may be transmitted or, 
if desired, mixed with the intelligence- 
carrying outputs of other subcarrier 
oscillators and then transmitted to re- 
mote receiver locations by wire, radio 
or microwave length. 

This tiny solid-state device has 
many applications in military and in- 
dustrial telemetering such as the meas- 
urement of ac or dc voltages of vary- 
ing amplitudes. These voltages may be 
either the direct stimulus which is to 
be measured as in thermocouples or 
the output of a voltage-producing pick- 
up such as vibration pickups or po- 
tentiometer-type instruments. Other in- 





standard IRIG telemetering frequency put transducers include the unbonded 
ENVIRONMENTAL STABILITY 
FTEMPERATURE—Military Model to 165°F. Industrial model to 140°F. 


DIMENSIONS—Height 22” 
WEIGHT—110 grams. 





VIBRATION—At 25 g-10 to 2000 cps. 
DRIFT—Less than 2 per cent of design bandwidth. 
, width %4”, depth 154”. 


MOUNTING—Fastens to metallic flat surface, signals and power applied 
through Cannon type DA-15P connector. 
HUMIDITY—tThis completely encapsulated VCO is moistureproof and will 




































































meet the applicable specifications, when subjected to 95% R-H for 6 
hours at 50°C, 
SHOCK—Designed to withstand 500 g impact shock. 
ACCELERATION—Will withstand 10,000 g rotational. 
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Fig. 2—Voltage-controlled oscillator before encapsulation and, on 


right, after encapsulated 


in epon resin and packaged ready for use. 
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MAMMOTH EXTRUSIONS 


Big magnesium and aluminum extrusions produced from Dow's 13,200 ton press 


A whole new range of king-size dimensions is now available 
for design engineers. Dow's new 13,200 ton extrusion press 
at Madison, Illinois, is producing “special” sizes for quick 


delivery. These projects include work for aircraft and 


missiles, automotive, building, and highway construction. 


Here’s what the big press can do in the way of magnesium 


and aluminum extrusions to meet your special requirements. 


FOR DESCRIPTIVE LITERATURE on 
the big press, contact your near- 
est Dow sales office, or write 
The Dow Chemical Company, Mid- 
land, Michigan, Dept. MA 1401IL. 
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YOU CAN DEPEND ON 


Check this list: 

1. LARGER EXTRUSIONS. Sizes up to a circumscribing 
circle of 30” 

2. LONGER EXTRUSIONS. Up to 80 feet in length 

3. THINNER SECTIONS. Down to 0.125” 

4. STEPPED EXTRUSIONS. Solid or hollow 

5. COMBINED HOLLOW EXTRUSION-FORGINGS 
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WMeasures 


A wipe RANGE OF STATIC & DYNAMIC 


pressure of gases and other non conduct- 
ing fluids. Includes provisions for oscillo- 
scope viewing and recording on an optical 
oscillograph or a direct writing recorder. 


Determines 


VARIATIONS OF PRESSURE, VOLUME 


temperature, fluid flow, expansion, ab- 


High 


Sensitivity 


Micro- Differential Deoutd, 
PRESSU ve ONE MICRON OF mercury RESOLUTION 


at any ambient pressure up to 2 atmos- 


pheres. 7.5 volts output available for re- 
Vi Ee : Fk cording at full scale differential pressure 


of 1 mm of mercury. 


sorption, adsorption, chemical alterations, 
altitude, vacuum, etc. 
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Two-knob control for balance, . .. 
sensitivity 
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Pressure differential moves beryl- 
lium-copper diaphragm. 
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This unusually simple pressure instrument is com- 

r3 pletely self contained. It requires no special acces- 
eae i |. sories, additional equipment or trained personnel for 
WoL operation. Merely plug this compact instrument (only 
Output applied to cathode follower 5” x 5” x 10”) into the 115 V, 60 cy. line and in 2 
to cre moter. minutes it is ready for use. Two knob control . . . for 


balance and sensitivity. 


! 
ve i 
! 














It is an extremely versatile and truly valuable acces- 
sory for any laboratory. 
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T-42 lonization transducer converts Details on this new micro-sensitive meter are in 
moten tnte clectrien! signet. Instrument Data Sheet 303-1, available upon 
request to Technical Literature Section. 


The DECKER CORPORATION 
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strain-gauge pressure pickup and the 
linear differential transformer (LDT) 
pickup. 

The linearity of the VCO is in the 
erder of .0S per cent of the design 
bandwidth and the frequency stability 
is well within .1 per cent of the cen- 
ter frequency. The unit has a self- 
contained band-pass filter and weighs 
slightly over three ounces. Power re- 
quirements are 2.5 volts de at 5 milli- 
amperes. 

These are the details and design 
considerations for a telemetering in- 
formation oscillator employing transis- 
tors in circuits of advanced design 
where small physical size and weight 
are important. Miniaturization has been 
carried to an ultimate degree, but has 
still been kept within practical limits. 

The encapsulation techniques 
which have been developed are largely 
responsible for the extremely rugged 
and shock-resistant package. 

Transistors, one of the great de- 
velopments in the field of electronics, 
have considerable advantage over the 
vacuum tube with respect to space and 
power requirements and, in many ap- 
plications, will give superior perform- 
ance. Transistors are gaining wide ac- 
ceptance in nearly every phase of elec- 
tronic design and can be expected to 
provide numerous new and improved 
packages, not only in applications such 
as the one described here, but for other 
fields of endeavor as well. The use of 
transistors, coupled with a real effort 
for the utmost simplicity in design, 
points to a new level of reliability in 
the field of electronics. 

Since the effects of reliability are 
felt both in equipment costs and mili- 
tary operational status, consideration of 
simplicity and ruggedness in early de- 
sign phases makes it possible to achieve 
the ultimate goal of a reliability en- 
gineer—a low, measurable index of 
reliability. 

The Department of Defense re- 
cently released an advance draft of a 
reliability assurance program of guided 
missiles. This program calls for regu- 
lar determination of reliability during 
all phases of missile development. 

Even though the program states 
that progress has been good to date, 
it goes on to say that, with the use of 
present procedures, projects have been 
known to last from five to 10 years and 
cost as much as $500 million before it 
was discovered that the system being 
developed was inherently unreliable. 

The use of the Shepard theory that 
simplification results in advanced de- 
sign in electronics research and devel- 
opment programs can be expected to 
result in improved system reliability.* 
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INERTIAL PLATFORM 
Lightweight and compact, Ke 
four gimbal inertial platforms 
‘esleigelal lap 4 1+ Moh Mae elle, 
and alignment. Suitable for manned 


aircraft or missile applicat 
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For analog or digital data pro 
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ized amplifier modules 
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_ KEARFOTT COMPANY, INC. 
_— LITTLE FALLS, N. J. 
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Sales and Engineering Offices: 1378 Main Avenve, 
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FREE... 





Complete new bulletin on 
instrumentation cables 


now available 





Here's a brand-new comprehensive 
source of information on cables for tel- 
emetering, data recording, circuit con- 
trol testing, and electronic computers. 





Now you can avoid leafing through a | 


dozen incomplete references when you 


want information on instrumentation | 


cables. 

You'll find all the pertinent data in 
one concise, eight-page bulletin, Rome 
Cable's RCD-400. 

We've drawn on our own consider- 
able experience with instrumentation 
and telemetering cables to give you 
the story on multiple conductor de- 
signs, insulating and jacketing materi- 


als, color coding, as well as charts list- 


ing various MIL specs. 

Even this bulletin cannot answer all 
your questions, of course, but it will 
help you block out problems and areas 


where you want more information. You 





are then invited to ask for more spe- | 


cific data. 
This new bulletin is easy to get. Just 
send the coupon for your free copy. 


ROME CABLE CORPORATION 
Department 425C, Rome, New York 


Please send me your Bulletin RCD-400 on iIn- 
strumentation Cabies. 
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Propulsion Engineering 


Project “Bear” may use liquid hydrogen. An Air Force propulsion 
program with liquid hydrogen is reported under way at Painesville, Ohio 
(a pilot plant), and Cape Canaveral, Fla. (large scale). Air Products and 
Linde are reported to have a $100-million contract for the “Bear” series 
of fuels. The hydrogen work may stem from NBS cryogenic lab at 
Boulder, Colo. NBS makes handling easier by converting hydrogen into 


the more stable para form. 
- 


Hydrocarbon ramjet fuels are still good. APL has looked at the 
fuel field for BuOrd. Low cost, high availability, good handling, good 
performance and favorable exhaust products still are on the side of con- 
ventional hydrocarbon compounds. High-energy fuels can only be justi- 
fied for special cases (like highest thrust or low fuel expenditure) or 
under unusual operating conditions, namely high altitudes. The follow- 
ing organics look good for unusual flight regimes: acetylene, carbon 
disulfide, ethylene oxide, or propylene oxide. It is pointed out that, with 
the exception of the boron hydrides and acetylene, no compounds seem 
to offer better fuel economy over the hydrocarbons. 


Solid fuel ramjet offers simplicity and reliability. This was the 
conclusion of Experiment, Inc. which flew such an engine in supersonic 
flight in January 1952. Air specific impulse using magnesium is tops at 
about 300 seconds; aluminum has a top of about 220 seconds while 
hydrocarbon fuels drop off at under 180 seconds. Others reported doing 
work with solid ramjets are: Air Force, Applied Physics Lab, American 
Rocket Co., Bureau of Mines, Continental Aviation and Engineering 
Corp., NACA, Reynolds Metals Co., University of Detroit, NOTS, and 
BuOrd. 


Helium or neon free radicals may give high performance. Meta- 
stable condition for noble gases is a result of electron in outer orbit mov- 
ing to a higher energy position. A 10 mol per cent of excited helium in 
inert gas diluent might give an impulse of 500 seconds, say GE research- 
ers doing free radical work at NBS. Metastable neon, though giving 
lower performance, might be storable indefinitely at ultralow temper- 
atures—the half life ranges from 25 seconds at 10°K to years at 5°K. 


Atomic rocket engine will be large. Rocketdyne calculations reveal 
a reactor diameter of three feet and a length of six feet for a 100,000- 
pound-thrust, hydrogen working fluid nuclear engine. This does not in- 
clude control rods, reflector, pressure walls, supports, etc. The maximum 
reactor temperature would be 4000°F with a mass flow of 127 Ibs./sec. 
hydrogen (at 800 psi) to give an I,, of 790 seconds at 3600°F hydrogen 
temperature. 

. 

Shielding an atomic rocket can be done. So say Ehricke and other 
advocates of manned space flight at Convair. Using hydrogen as pro- 
pellant and shielding, the crew would be placed about 250 feet from the 
reactor. The hydrogen shielding column will decrease to about 92 feet 
during the last power phase of an Earth-Mars and return rocket trip. 
During this time the crew would receive 12 rem gamma dosage all of 
which occur at minimum shielding. Cosmic ray dosage might be higher, 
something like 15 rem/year. Humans can take a career dose of 100 to 
500 rem. It is suggested that such nuclear systems might be available 
some 10 to 15 years from now and would offer definite advantages over 
either chemical or ionic systems. 


, 
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Pattern check for the first stage drive 
gear for the Sikorsky S-58 Helicopter. 
The large gear is concave, cannot be 
ground and must be carburized and 
hardened with sufficient freedom from 
distortion to maintain pattern and toler- 
ances expected only of master gears. 


PRECISION is our product! 


@ Everything at I.G.W. is geared to precision. You'll (Wg 
find a‘‘feeling”’ for precision, not just in inspection and 
production and engineering, but also in maintenance 
and shipping and on throughout the company. It’s the 
basic reason why I.G.W. is the recognized source for 


precision gears. 











BOMARC RUDDER CONTROL GEARBOX 
designed, produced and qualified for Boeing 


This gearbox requires maximum stiffnes 
and minimum backlash under load wit! 
a limit of 10 minutes of arc at the output 
end. Ali gears are ground to .0002” toler } 
ance on tooth thickness and spacing 


missile precision 
is our kind of precision 


@ We cut our teeth on missiles. They're our kind 


of job. Their tolerances hold no terrors for our 





kind of men, their perfection holds no problems. 


? ™ INDIANA GEAR WORKS, INC. 
Indiana Gear was made for missiles. INDIANAPOLIS 7, INDIANA 
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Polaris Pioneers Future Ballistic Missile Design 


The missile that may soon create 
a major shift in ballistic missile design 
concepts soared skyward last month 
from Cape Canaveral, Fla. This flight 
of a Polaris fleet ballistic missile test 
vehicle was the first successful launch- 
ing announced by the Navy. At least 
two other test vehicles have been fired 
from the Cape in past months and 
reported highly successful. 

This radically new weapon system 
is the result of several major break- 
throughs in development of solid fuels, 
motor design and controlled burning. 
Its range is that of the Thor and 
Jupiter, yet its advantages over the two 
are outstanding. 

The most outstanding feature is 
the simplicity and reliability of the 
propulsion system. It will operate on 
a ready-to-fire status around the clock. 
The liquid-propellant Thors and Ju- 
piters must be loaded with liquid 
oxygen within minutes of a firing. 
Some reports have stated these IRBMs 
could be on a 24-hour alert and ready 
for firing after a 15-minute countdown 
but this is true only if they are kept 
loaded and checked out. A continual 
operation of “topping-off” the liquid 
oxygen supply would be required to 
offset the rapid evaporation of this low- 
boiling-point oxidizer. The cost of such 
an operation would be prohibitive, to 
say the least. 


Land-based Version 


A land-based version of the Polaris 
for the Air Force is currently under 
study. Although the Polaris is, in its 
present configuration, adaptable to land 
operation, the Air Force will probably 
look to the newly formed Astrodyne 
Corp. for development of the missile 
system. 

The solid-propellant ballistic mis- 
sile is extremely mobile and requires 
very little ground support and checkout 
equipment. The ground support equip- 
ment necessary for liquid-fueled mis- 
siles is the biggest headache of logistic 
planners. Launching a ballistic missile 
that rises with an acceleration of less 
than 2 g’s—the rate of acceleration of 
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the Atlas, Thor and Jupiter—can be 
a very tricky or impossible business 
during high-wind conditions. A weapon 
capable of instant retaliation must not 
be so limited by weather conditions. 
High acceleration at launch is another 
factor that makes the Polaris a much- 
sought-after weapon system. 

Polaris is a two-stage vehicle only 
45-50 feet long, compared with the 
60-foot Thors and Jupiters and is a few 
inches less in diameter than either of 
them. It will utilize a smaller nuclear 
package, developed since the Thor and 
Jupiter designs were frozen. Destruction 
potential of the warhead will be the 
same. 

Guidance system for the Polaris 
has been reduced to a compact 150 to 
200 pounds from the Jupiter system 
of 250 to 300 pounds and Thor system 
of 650 to 700 pounds. Developed by 
GE, the system will be extremely 
rugged, to withstand the high accelera- 
tion encountered throughout the 
powered flight. 


Propellant Breakthrough 


Thiokol Chemical pioneered the 
propr'sion system breakthrough that 
has nde the Polaris possible. The 
initial .ix first- and second-stage test- 
vehic’ motors were developed and 
tested by Thiokol. The first flight tests 
at Cape Canaveral are reported to have 
used the Thiokol motors. Meanwhile, 
Aerojet-General has delivered the first 
development motors to Lockheed, the 
prime contractor for the Polaris system. 

The solid-propellant rocket was 
long considered undesirable and im- 
practical for long-range rockets because 
of high motor weight, uneven burning 
and the inability to control the missile’s 
flight path in the thin upper atmos- 
phere. Motor casing thickness has been 
reduced to approximately “% inch while 
thicknesses of 1/10 inch appear prom- 
ising. Uneven burning no_ longer 
plagues solid-fuel motor developers. 

Directional control for the Polaris 
is achieved by confining the combustion 
of the motor within a spherical cham- 
ber and directing the thrust through 


four small nozzles exhausting to the 
rear and four “venting” nozzles that 
exhaust against the direction of travel. 
This unique nozzle arrangement provides 
control in pitch and yaw and assures 
separation of the warhead at the instant 
the required velocity is attained. 


Operational by 1960 


Polaris, as a Navy weapon, will 
not be an operational system until it 
is combined with its launching plat- 
form, the nuclear submarine. The mis- 
sile is two years ahead of schedule— 
plans now call for operational readiness 
by 1960 instead of the original 1962 
date. To serve as an effective deterrent 
weapon, officials point out, at least 100 
Polaris-equipped submarines, positioned 
in strategic locations, will be needed. 

A supplemental defense appropria- 
tion will call for funds for the first 
three Polaris submarines. The Navy, 
meanwhile, is considering the request 
of an additional appropriation for six 
more of the ballistic missile submarines. 
R. Admiral W. F. Raborn recently told 
Congress that he has been granted un- 
limited funds for the Polaris program 
and was moving as quickly as possible 
on development of the missile and the 
submarine carrier. 

Navy officials have emphasized the 
Polaris will be fully developed and 
ready for mass production long before 
it can be used effectively. Navy ship- 
builders are confident that an accelera- 
tion of the submarine building program 
could make the nuclear missile carriers 
available 18 months from the date the 
keels are laid. An accelerated program 
initiated immediately would make the 
submarines available at the same time 
the missiles are perfected and ordered 
into production. Sen. Henry Jackson 
(D-Wash.) has expressed concern over 
the lag in the program. He said the 
actual number of missile submarines 
planned is “shockingly small.” 

Meanwhile, the Air Force may re- 
quest that it be included within its 
arsenal before the Navy has enough 
submarines to deploy them effectively. 
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Cornell Investigates Weightlessness 


Cornell Aeronautical Laboratory 
has recommended to the Air Force 
experiments in which both a monkey 
and rat would be sent aloft in a cap- 
sule enclosed within the nose of a 
rocket to study animal behavior under 
conditions of weightlessness. 

Under a contract with the space 
biology branch of ARDC’s Holloman 
Air Force Missile Development Center, 
CAL has completed a study to deter- 
mine what type experiments on animals 
in space capsules might provide the 
best clue to human reactions during 
the state of weightlessness as caused by 
lack of gravity and other external 
forces in space. 

In its study, CAL reviewed vari- 
ous animal experiments that could be 
expected to detect disturbances in 
cognition, orientation and concentra- 
tion during exposure to weightlessness. 
Consideration was given to weight and 
space limitations inherent in rocket ex- 
periments. 

The purpose of the study was to 
choose suitable animals and appropri- 
ate tests, as well as to specify realistic 
engineering details on how to investi- 
gate the efficiency of intellectual func- 
tions (as opposed to physiological re- 
actions) of man during the weightless 
state. As a result of the study CAL 
recommended that a monkey and a rat 
enclosed in the same capsule would 
give the most satisfactory results. 

In order to simulate human “de- 
cision” behavior, the animals would be 
subjected to stimuli that, under normal 
conditions, are known to cause a 
particular reaction. For example, such 
animals as rats will repeatedly perform 
a responsive action which is followed 
by a pleasant sensation. This is referred 
to as “self-stimulation.” 

Animals also are known to behave 
in a manner referred to as “double- 
avoidance discrimination.” For ex- 
ample, an animal can be trained to re- 
spond to a cue so that it anticipates 
and thereby avoids a particular an- 
noyance. It also can be trained to dis- 
criminate or sense the difference in 
degree of the cues. 

Thus, a monkey can be trained to 
make the avoidance response to a weak 
light and not to a strong one, to a 
flickering light and not to a steady one, 
to a buzzer but not to a pure tone. 
Response to two separate stimuli is 
described as “double-avoidance  dis- 
crimination”—the simian can be trained 
to pull a chain when a light comes on 
and to press a pedal when a buzzer 
sounds. 

The study by Cornell Laboratory 
recommends the use of the self-stimu- 
lation technique for the rat and the 
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avoidance procedure for the monkey 
in order to provide an indication of the 
effectiveness of both positive and nega- 
tive drives during weightlessness. The 
difference in the two animals them- 
selves also may prove of help in in- 
terpreting results. 

The more complex of the experi- 
mental arrangements would deal with 
the monkey. It would be strapped in 
place in the capsule with its arms at- 
tached to two levers so that they can 
move either to the right or left. The 
experiment would be arranged so that 
the monkey, to avoid some annoyance, 
will move the right hand lever a cer- 
tain distance to the right and the left 
hand lever to the left. 

Directly in front of the monkey 
two lights—red and green—would be 
located at eye level. These would light 
up at random and provide the monkey 
the cues to avoid the annoyance. 

Whether and to what degree the 
animals can retain their known capaci- 
ties during the weightless state is the 
prime question. The behavior of both 
animals would be recorded by motion 
pictures as well as by special telemeter- 
ing equipment. 

The work on this project is being 
done by the human factors section of 
the Laboratory’s vehicle dynamics de- 
partment in consultation with Prof. B. 
Richard Bugelski, Psychology Depart- 
ment, University of Buffalo. 


Regulus Il Ordered 


into Production 


A $26-million contract for con- 
tinued evaluation and production of 
the submarine-launched Regulus Il 
guided missile has been awarded to 
Chance Vought Aircraft. 

The contract, which puts the nu- 
clear-warhead-carrying missile into 
quantity production, also contains pro- 
visions for spare parts and special sup- 
port equipment estimated at an addi- 
tional $7.5 million. An undisclosed 
number of both test and tactical ver- 
sions of the missile will be produced 
with the Navy funds. Latest award 
brings the company’s backlog of un- 
filled orders to approximately $675 
million. 

The 1000-mile-plus-range Regulus 
Il, in the final stages of an accelerated 
test program at Edwards Air Force 
Base, Calif., will be launched from 
conventional and nuclear-powered sub- 
marines now under _ construction. 
Three U.S. submarines—the nuclear 
USS Halibut and the conventionally 
powered USS Grayback and USS 
Growler—are being built to fire the 
Regulus I. Conventional subs could 





also be converted as Regulus Il mis- 
sile carriers. In an emergency, the mis- 
sile could be fired from mobile launch- 
ers aboard any ship big enough to 
carry it, including mothballed baby car- 
riers of World War II vintage. 

Test and training versions of the 
Regulus Il had as standard equipment 
a landing gear which enabled crews 
to launch the missiles and recover them 
for additional cost-saving reflight. 

First flight of the Regulus Il was 
in May 1956. Guided Missile Unit 55, 
the first Navy unit assigned to handle 
the missile when it becomes opera- 
tional, is already organized and in 
training. 


Moon Guidance Easier 
Than 5000 Mile ICBM? 


Dr. Donald B. Duncan, scientist 
for the Autonetics division of North 
American Aviation, recently told the 
Institute of Navigation’s western mem- 
bers meeting that shooting for the 
moon is a simpler missile guidance 
problem than hitting a target 5000 
miles away with an ICBM. However, 
he stated that striking the moon’s sur- 
face within a 100-mile target, or 
establishing an orbit around the moon 
with the same accuracy, is a problem 
comparable with successful impact of 
an ICBM at destination. 

Additional refinement of present 
day guidance systems and extension of 
know-how will be essential to realize 
this accuracy goal due to the differ- 
ences in the two systems, Dr. Duncan 
said. 

The earthbound missile needs 
guidance to control speed at the end of 
the boost trajectory. Once pointed in 
the right direction and controlled while 
under power, the missile is on its own 
in unpowered flight beyond the atmos- 
phere, re-entering on a ballistic path 
to the target. 

A missile to the moon would re- 
quire guidance not only during the 
boost phase but through every stage of 
the journey. 

“For initial boost phase of the 
space vehicle,” Dr. Duncan said, “in- 
ertial guidance appears to have the 
important advantage over other types 
in that the same equipment can be 
profitably used in later phases of flight.” 

Guidance for interplanetary ballis- 
tic missiles would be about the same 
for earthbound ballistic missiles, al- 
though more accuracy is needed for 
the former. There are several promis- 
ing possibilities for guiding an inter- 
planetary cruise missile. One, a lead- 
pursuit-type intercept guidance, appears 
particularly simple and easy to mecha- 
nize, although additional investigation 
is required in this field before feas- 
ibility can be determined. 
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Trends 


The Nation Faces a Boom in more ways than one. If you're in the missile busi- 
ness, now is the time to hit the road and do some real hard selling. President 
Eisenhower is asking Congress for another $4 billion in defense spending. Con- 
gress may well hike that total. A respectable portion will go directly into missile 
procurement. Furthermore, these contracts will have top priority—meaning full 
overtime allowances, first call on materials and top personnel services. In the next 
18 months, the new era really gets into high gear. To repeat: the time to sell is 
now while contracts are flooding out. 


$$ $ $ 


Current Events Give a View of the Future: An early December estimate showed 
planned obligations (contracting) for fiscal year 1958 for missile research develop- 
ment and production totaling over $4.5 billion, with surface-to-surface total of 
$2.1 billion, of which $1.928 billion is for Snark, Thor, Jupiter, Titan, Atlas and 
Polaris. The official administration budget substantiates these estimates. And even 
these totals will be increased. Note recent blank check given Polaris speedup, 
plus supplemental appropriation request, plus Congress additions still to come. 
Electronics figures cited by James D. Secrest, executive vice president of 
the Electronics Industries Association, state, for example, that military electron- 
ics procurement has risen from $2.7 billion in 1956 to $3.5 billion in 1957; that 
the rise will be even more rapid in 1958; and that increased missile procure- 
ment and space flight exploration will hike present 23 per cent of current military 
procurement dollars going to electronics. 


$$ $ $ 


Developments in Contract Procedures: Armed Services Procurement Regulations 
have been amended to assure a contractor’s investment in work-in-process cost- 
type contracts. See par. D to ASPR 3-404.3 .. . All new cost-reimbursement 
contracts of $250,000 or more will be subject to new 80 per cent payment 
limitation for work in process. It’s in November DOD Directive No. 7800.6... 
Pentagon DOD Instruction No. 4155.9 explains policy on inspecting subcon- 
tracted supplies. 


‘ 


. 


$$ $ $ 


Contract Renegotiation Act Expires December 31, 1958. It will be renewed but 
with changes. If you want to lobby for your version, now’s the time to do it. 
Rep. Wm. E. Hess (R-Ohio), for example, wants Renegotiation Board’s laws 
revised—doesn’t like fact that Board in some cases is four years behind in profit 
redetermination or fact that now the national Board can over-rule regional offices 
either up or down—figures it makes corporate planning a bit difficult. 


$$ $ §$ 


Defense Contracting Procedures, as a matter of fact, will be gone over from many 
directions. House Armed Services Investigations Subcommittee wants contracting 
procedures tightened up, secrecy lifted from negotiated contracts, and elimina- 
tion of 1950 Korean Emergency Proclamation allowing exceptions to advertised 
bidding. Strategic Industries Association has issued an eight-point program, “The 
Government's Facility Fallacy,” aimed at securing “maximum production at 
lowest cost by the free operation of competition without benefit of subsidy to 
small firms or large.” Program includes amendment of Renegotiation Act to 
provide incentives for cost savings through efficient subcontracting; also revision 
of system whereby Government leases tools and facilities at under the going 
rate. At the same time National Security Industrial Association has offered a 
seven-point opposition to Defense-Department-proposed revision to Section 15 
(re: allowable costs) of Armed Services Procurement Regulations. And DOD has 
promised to make it easier and quicker for priorities to be assigned to new 
weapons projects. 
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Awards 


For Falcon: Hughes Aircraft Com- 
pany’s Tucson Division has been 
awarded a contract for $19,278,275 
for production of advanced Falcons, 
GAR-3 and GAR-4. 


For Regulus II: Chance Vought Air- 
craft has received two contracts on 
Regulus 1l—one in the amount of $26 
million for continued evaluation and 
production, and another for spare parts 
and special support equipment. 


For Jupiter and Redstone: Chrysler 
Corp. has been awarded a $30-million 
contract for assembly-line production 
of Jupiter IRBMs and a $21.8-million 
contract for additional Redstones. 


Hughes Aircraft Company has received 
a $21,188,717 contract from Air Force 
for additional production of airborne 
control and weapons systems for ad- 
vanced all-weather jet interceptors. 


Flight Refueling Inc., has received a 
contract from Martin-Denver for en- 
gineering consulting services on Titan 
fuel handling; no amount was stated. 


United Control Corp., has received a 
contract from Douglas Aircraft Co, to 
supply propellant-loading computor for 
fully automatic fueling of Thor IRBM. 


Air Products Inc. and Linde Co. are re- 
ported to have a $100-million contract 
for the “Big Bear” series of fuels. The 
AF propulsion program with liquid 
hydrogen is understood to be well un- 
derway. The hydrogen work may stem 
from the National Bureau of Stand- 
ards Cryogenic Laboratory at Boulder, 
Colorado. 


Cornell Aeronautical Laboratory has 
been awarded a two-year Army con- 
tract to improve systems of surveillance 
of a battlefield by radar, infrared, 
sonic, meteorological, drone reconnais- 
sance, photography and television. 


Systems Development Corp., Santa Mon- 
ica, Calif., a new nonprofit company, 
is taking over a $20-million contract 
from RAND Corp. to provide profes- 
sional technical services for the Air De- 
fense Command. Originally the contract 
was made with the System Develop- 
ment Division of RAND. 

Northrop Aircraft, Inc., expects more 
than $130 million in new USAF con- 
tracts before the end of the year. 

A $5,009,000 contract for MA-8 fire- 
control systems for the Republic F-105 
has been awarded by USAF to General 
Electric’s Light Military Electronic Equip- 
ment Department, Johnson City, N.Y. 
Other missile contracts during the month: 
Tidewater Oil Co., $539,648 for rocket 
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Whatever the direction of 
your missile and aircraft 
system requirements 


@ Are you taking full advantage of the System Con- 
cept? Cornelius has the experience, facilities and 
ability to design and manufacture your complete 
pneumatic, cryogenic, or hydraulic systems. 


Take advantage of Cornelius experience as one 
of the pioneers of the “Packaged” System Concept. 
A Cornelius Sales Engineer is ready to discuss your 
requirements. For specific information and latest 
catalog, write today. 


a 


550 39th AVENUE N. E. * MINNEAPOLIS 21, MINNESOTA 


MANUFACTURERS OF 


“packaged” systems * airborne air compressors « hydraulic motors « hydraulic pumps 
pressure regulators * motor pump assemblies « relief valves * pressure switches 
check valves * anti-gravity valves « electric motors « chemical driers 
pressure tanks «+ moisture separator assemblies «+ brake valves «+ ground support compressors 
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Contract Awards 











fuel . . . Aerojet-General Corp., $146,- 
450 for research studies on positive 
ion surface emission for ion propulsion 
systems . . . Bell Aircraft Corp., $93,216 
for research observation of burning pro- 
pellants in rocket engines . . . Atlantic 
Research Corp., $41,168 for continuation 
of research on solid-propellant combustion 
. . . Union Oil Co. of Calif., $276,644 
for RP1 rocket fuel ... Rohm & Haas 
Co., $1,590,001 for continued research 
and development in the field of solid-pro- 
pellant rocketry and operation of pilot 
lines and equipment . . . National Cooler 
Div., W. F. Ryan Corp., $183,750 for pro- 
pellant mixture. 


Paul Smith Construction Co., $56! 
141 for construction of General Electric 
guidance facilities, Mod. III, and $274,570 
for construction of additions and modifica- 
tions to complex 17 and 18, AFMTC, 
Patrick AFB .. . Electronic Engineering 
Co. of Calif., $41,400 increase in funds 
. The Regents of the University of 
Minnesota, $53,317 for continuation of 
research on flame stabilization of bluff 
bodies at high speed and large Reynolds 
numbers . . . Grand Central Rocket 
Corp., $53,943 for propellant development 


Marks Oxygen Co., Inc., $126,835 for 
liquid oxygen . . . Bendix Aviation Corp., 
$57,860 for technical instruction in op- 
eration and servicing of liquid oxygen 
systems . . . Westvaco Division of Food 
Machinery and Chemical Corp., $38,157 
for rocket propellant . . . Sterling Pre- 
cision Corp., $30,950 increase in funds 
awarded by Patrick AFMTC Doug- 
las Aircraft Co., $308,588 for repair parts 
for Nike system . . Motorola Inc., 
$150,000 for development of engineering 
studies, analysis and design of airborne 
instrumentation. 


North American Aviation, Inc., $44,- 
557 for airborne digital computing 


techniques study . . . Westinghouse Elec- 
tric Corp., $174,530 increase in funds 
awarded by Patrick AFMTC .. . Em- 
pire Products Sales Corp., $32,884 for 
field intensity meter . . . Western Elec- 
tric Co., $55,189 for Nike spare parts 
and components . Perkin-Elmer Corp., 


$72,000 for intermediate-range theodolite 
: . Pavarini Construction Co., Inc., and 
D. L. Prager & Co., $1,455,000 for sta- 
tion facilities at Antigua Island, BWI, 
for AFMTC . . Cc. H. Leavell & Co., 
$1,295,035 for ABMA facilities at White 
Sands Proving Ground, N. Mex. 


Western Electric Co., Inc., N.Y., $5,- 
686,481 for research and development 
of Nike-Zeus (Nike Il) guided missile 
system . Gilfillan Bros., Inc., $567,- 
127 for furnishing and delivering of 
depot replenishment repair parts fo: 
Corporal missile system . Firestone 
Tire & Rubber Co., $994,123 for Cor 
poral handling and launching equipment. 


General Electric Co., $1,118,084 for 
digital computer facility operation , 
Ruffe, Inc., Miami, Fla., $1,207,500 for 
bomb rack and rocket launcher 

Radio Corp. of America, Defense Elec- 
tronic Products, $95,637 for facilities for 
Government account for use in Talos 
evaluation unit, White Sands Proving 
Ground . Birdsboro Armorcast, Inc., 
Birdsboro, Pa., $127,388 for maintenance, 
protection and preservation of Govern 
ment-owned facilities . . P. J. Walker 
Co., Los Angeles, $208,000 for site prep 
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TYPICAL CHARACTERISTICS 
LOW VOLTAGE MICRO-MINIATURE ZENER DIODES 


Hoffman Type Number GZ! GZ2 GZz3 Gz4 Gz5s Gz6é 











Zener Voltage Range 
Volts @ Iz 5 mA dc 2.0 to 3.2 | 3.0 to 3.9] 3.7 10 4.5| 4.3 10 5.415.210 6.416 
Zener Impedance 
Avg. *@ Iz 10 mA de 40 30 10 
Max. @ Iz 10 mA de 55 45 20 























Hoffman Micro-Miniature ZENER Silicon Junction Diodes are made with 
ottma t GOLD ALLOY Ohmic Contacts in order to withstand higher operating 
: za temperatures. This line of Hoffman Zener Diodes was developed for 
Vy Clipping, Limiting and Regulating and similar applications where physi 
Llectro nic c cal mounting space is at a minimum. 


- Rated at 250 milliwatts at 25°C (ambient temperature) and derated 


at one (1) milliwatt per degree centigrade above 25°C. 
SEMICONDUCTOR DIVISION Operating and storage temperature range: 65°C to 200°C. 
930 PITNER AVENUE Special selections from Types GZ! thru GZ6 are available with a 
tolerance of +5%. 


EVANSTON, ILLINOIS 
UNiversity 9-9850 


Units with ZENER voltages from 8 volts thru 51 volts are available 
at tolerances of +10% and +5%,. From 56 volts thru 100 volts at 
+10% tolerance. 

SPECIALISTS IN Write for Hoffman Technical Information Bulletin No. 27-58 for de- 
SILICON SEMICONDUCTORS tailed data on this new line of Micro-Miniature Zener Diodes. 
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Contract Awards 











aration and access roads for instrumenta- 
tion radar facilities, Tranquillon Moun- 
tain, Camp Cooke, Naval Air Missile Test 
Center, Point Mugu, Calif. . West & 


Wiggs Engineering & Construction Co., 
Long Beach, Calif., 


$154,050 for Nike 
improvement program .. . Linde Co., 
Div. of Union Carbide Corp., $81,600 for 
liquid nitrogen and liquid oxygen . 
Rome Cable Corp., Rome, N.Y., $29, 190 
for cable, vinyl plastic O/A jacket con- 
ductors. 
Massachusetts Institute of Technology, 
$50,000 for research and reports con- 
— “Aerothermoelasticity 
Aeronautical Lab., Inc., Buffalo, 
$49,880 for research on spectroscopic 
studies of high temperature gasses . . 
The Trustees of University, 
$70,000 for continuation of research on 
combustion processes in liquid-propellant 
rocket engines ... R Poly- 
technic Institute, Troy, N.Y., $35,000 for 
research on study of hypersonic viscous 
flow phenomena . . Calif. Institute of 
Technology, $36,590 for continuation of 
research for properties of air and pro- 
pellant reactions at high temperatures and 
ae . Cornell Uaieoninn. $61,- 
57 for research on practical problems in 
aerodynamics . The 
Princeton University, $86, 725 for research 
on viscous effects in supersonic flows . . . 
Ohio State University, Research Founda- 
tion,» $27,491 for research and reports 
concerning factors influencing the ef- 
ficiency of small work groups in the per- 
Seonbanee, of complicated team tasks. 
Brush Beryllium Co., Cleveland, a $330,- 


000 development contract from Air Ma- 
teriel Command to —s a method 
of rolling sheet beryllium from pressed 
powder slabs . . . California Institute 
of Technology, Pasadena, $635,000, en- 
f wrasisy research and ge ong  - 

lvania Electric Products, -» Micro- 
wave Tube Laboratory, Mountain View, 
Calif., $328,000 for electron tubes . . 
Southern Oxygen Co., $36,208 and Big 
Three Welding Equipment Co., $60,651, 
for various amounts of liquid oxygen 

. G. W. Galloway Co., $150,771 for 

construction of helium high-pressure dis- 
tribution system at Edwards AFB. 
Raytheon Mfg. Co., $1,690,008 for 
launchers . . United Shoe Machinery 
Corp., Beverly, Mass., $38,715 for re- 
search and development of _recoilless 
weapons system and ammunition . . 
Sylvania Electric Products, Inc., $99, 990 
for terminal guidance system N/A re- 
search and $375,000 for modified missile 
systems, N/A research . . . Textron, 
Inc., Dalmo Victor Co. Div., $109,840 
to perform theoretical and experimental 
investigation to devise methods for ob- 
taining dynamic pattern data for an- 
tenna systems . Douglas Aircraft 
Co., $67,711 for repair parts for Nike 
system . . Gilfillan Bros., Inc., $957,- 
578 for furnishing and delivering of depot 
replenishment repair parts for the Cor- 
poral missile system and $420,131 for 
Corporal ground guidance control equip- 
ment, amplifier, electronic control . . 
Firestone Tire & Rubber €o., $147, 59] 
for replenishment repair parts for guided 
missile, artillery M2 and related ground 
handling equipment . . . Arthur D. Lit- 
tle, Inc., $41,885 for development of a 
means to neutralize intense thermal radia- 
tion. 





Lockheed Expects 


20% Increase in Sales 


Missile sales represented eight per 
cent of Lockheed’s total sales of more 
than $900 million in 1957. This pro- 
portion is expected to climb to 20 per 
cent in 1958 as work is accelerated on 
various programs, including the Navy’s 
fleet ballistic missile, Polaris. This re- 
port of Lockheed’s expansion in missile 
activities was voiced by board chair- 
man Robert E. Gross in announcing an 
all-time record in company sales. 

“Lockheed is making steady prog- 
ress on the solid-propellant Polaris, to 
be launched from submarines or ships 
at sea and capable of 1500-mile 
flights,” the aircraft executive said. “No 
launching dates are releasable. Exten- 
sive experience and data gained from 
using Lockheed’s hypersonic X-17, 
which was a key factor in helping the 
U.S. solve problems of bringing inter- 
continental ballistic missiles back into 
the earth’s atmosphere from outer 
space, is materially speeding develop- 
ment of the Polaris.” 

Gross said Lockheed has developed 
an outstanding missile in its Q-5, fastest 
vehicle yet devised for testing accuracy 
of missiles as they approach their air- 
borne targets. The ramjet-powered Q-5, 
part of a complete testing system, will 
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BORESCOPES 
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‘te American (ystoscape Makers, Ine, 


8 PELHAM PARKWAY 
V4 Gentlemen: Please send me without obligation a copy of 


INSPECTION ~ 
PROBLEMS? 


This booklet is for you! 





This comprehen- 
sive, elaborately 
/ illustrated booklet 
f’ provides practical infor- 
mation on the use of the 
famous A.C. M.I. Bore- 
scope in various industries, 
for the inspection of inte- 
rior areas or surfaces not 
otherwise visible—together 
with full data on the types 
of Borescope available, 
and on their care and 
maintenance. Have you 
received your copy? 













Fill in and 
mail today 


PELHAM MANOR, NEW YORK 


your booklet on Borescopes. 





Name. 
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Address. 
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GUIDANCE and CONTROL 
in SPACE TECHNOLOGY 


It is becoming increasingly apparent that many of the 
techniques and analyses, and much of the equipment, 
developed for the present Air Force ICBM-IRBM pro- 
grams will have a wide future application in space 
technology. For instance, many of the guidance and con- 
trol techniques for ICBM’s are applicable to the space 
vehicles of the near future. 

An important element of these applications is preci- 
sion. The precision required of the guidance and control 
system for vehicles aimed at the moon or one of the 
planets is not substantially greater than that required for 
the Air Force ICBM-IRBM programs. And, the precision 
needed to guide a vehicle into a near-circular orbit of 
Earth is even less than that required for ICBM’s. 

The problem of communication with lunar and plane- 
tary vehicles is, of course, made more difficult by the 
much greater distances involved. This, however, is not 
an insurmountable difficulty if today’s trends continue 
in the use of higher transmitted power, narrower com- 
munication bandwidths and amplifiers with very low 
noise-figures. 

The problems of operating electronic equipment in the 
space beyond our atmosphere are already encountered 
on present ballistic missile trajectories. The principal dif- 
ference in the case of space vehicle applications is the 


n=4 (¢ mode) 





requirement for longer equipment lifetimes. Electronic 
equipment and power supplies will have to last for several 
hours or days or weeks, instead of a few minutes, under 
conditions of vacuum pressure, zero “g” fields, and bom- 
bardment by micrometeorites, high-energy particles, and 
radiation. 

The preceding examples serve to illustrate some of the 
ways in which the ICBM-IRBM programs are advancing 
the basic techniques of space technology. 

Since 1954, Space Technology Laboratories has been 
providing over-all systems engineering for these pro- 
grams. Both in support of this responsibility and in antici- 
pation of future system requirements, the Laboratories 
are presently engaged in a wide variety of advanced 
analytical and experimental work directed toward the 
exploration of new approaches in space vehicle elec- 
tronics, propulsion, and structures. 


The scope of STL’s work requires a staff of unusual 
technical breadth and competence. Engineers and scien- 
tists who are interested in advanced experimental devel- 
opment projects (as distinct from development for 
manufacturing, in which STL is not engaged) are invited 
to investigate the many opportunities on the Laboratories’ 
Technical Staff. 


Space TECHNOLOGY LABORATORIES 
A Division of The Ramo-Wooldridge Corporation 


S730 ARBOR VITAE STREET « LOS ANGELES 45, CALIFORNIA 


February, 1958 
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“TEFLON 


Advantages: 


CHEMICAL— Completely inert 


ELECTRICAL—Extremely low power factor 
Very high dielectric strength 


THERMAL—Temperature range 
—300°F. to +500°F. 


MECHANICAL— Strong, flexible 


Weather resistant 


LOWEST COEFFICIENT OF FRICTION 
ABSOLUTELY NON - STICK 

























EFLON, 


TUBING....MOLDED OR MACHINED PARTS? 


YOU CAN GET JUST 
WHAT YOU WANT 


SHEET....ROD.... 


from 





**Made of Teflon by JOHN 
CRANE” has become practically 
a standard specification for parts 
and components subject to severe 
electrical, corrosive, thermal, me- 
chanical or atmospheric abuse. 
Whatever your requirements in 
Teflon . . . sheet, rod, tubing, 
packings, gaskets, bellows, insu- 
lators, sealing discs or non-stick 
parts . “John Crane” can 
supply them! 


In addition, you get these impor- 
tant plus factors: complete uni- 
formity throughout, high density 
control, freedom from flawsand rig- 
id adherence to your specifications. 


“John Crane’s’’ complete fabrica- 
tion facilities assure you prompt 
delivery on exactly what you want 
—no compromise. If you have an 
entirely new requirement, no 
standard design or procedure— 
“John Crane’s” laboratory facili- 
ties, know how, research and en- 
gineering experience go to work 
on your particular need. 


Now is a good time to put “John 
Crane”’ to test. Contact Crane 
Packing Company today. 


Crane Packing Co., 
6476 Oakton St., 
Morton Grove, Ill. 
(Chicago Suburb) 


In Canada: Crane 
Packing Co., Ltd., 
617 Parkdale Ave., N., 
Hamilton, Ont. 





4 CRANE PACKING COMPANY dk 








OFFICES IN ALL PRINCIPAL CITIES 
144 Circle No. 101 on Subscriber Service Card. 





report by telemetry the speed, direc- 
tion and proximity of air defense mis- 
siles hurled toward it at supersonic 


| speeds. 





The Q-5 incorporates a firing er- 
ror indicator device that has the capa- 
bility of measuring accurately the 
course of any object coming at it from 
any angle. 

Gross reported a $100-million 
back-log in the missile field. Company 
estimates overall sales this year will 
total about $750 million, a decline 
from 1957. 


Kefauver Feels Jupiter 
Has Edge over Thor 


The guidance and re-entry system 
of the IRBM Jupiter holds a definite 
edge over the IRBM Thor, in the 
personal opinion of Sen. _ Estes 
Kefauver, ranking Democrat of the 
Senate Preparedness Subcommittee. The 
senator expressed his views on the U.S. 
IRBM program as returning congress- 
men met for a special defense briefing. 

Kefauver told his colleagues that 
he thought “both the Thor and Jupiter 
will work, but my present personal 
opinion is that for this type missile, the 
Army guidance and re-entry system is 
superior and more desirable than those 
contained in the Thor.” He also doubted 
the wisdom of plans to hand the 
Jupiter over to the Air Force. 

He said, “A serious question is 
raised as to whether the use and firing 
of the Jupiter should be taken away 
from the technicians and scientists who 
have developed it and have fired it 
successfully and place it with another 
service which undoubtedly has a prej- 
udice for its own development, the 
Thor.” 


Air Force Releases 
Report on Free Radicals 


The study of free radicals as pos- 
sible rocket and missile propellants has 
been included in various fuel research 
reports released recently by the Air 
Force. The harnessing of free radicals 
for rocket and missile propulsion could 
bring substantial improvements in en- 
gine performance and fuel consump- 
tion, the Air Force researchers found, 
but the practical problems are “ex- 
tremely formidable.” 

The report deals with atomic hy- 


| drogen, atomic nitrogen and the imine 
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radical, but discourages any expecta- 
tion of an early technological break- 
through or any consideration of de- 
velopmental or engineering work. The 
report says that the free radicals 
might bring improvements in engine 
performance, including an increase in 
fuel economy of 100 to 700 per cent 
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Seeburg Airborne Telemeter Flight Simulators in high-speed, high-flying 
jet aircraft are the make believe missiles that have replaced real birds in an 


accelerated, lower-cost training program at Air Force Missile Test 
Center, Patrick AFB, Florida. 


Designed for the purpose of training telemeter ground station operators, 
and for general ground station checkout, these simulators provide char- 
acteristic telemetry signals simulating actual in-flight missile data 
telemetering. In conjunction with Seeburg Telemeter Ground Stations, 
they are saving time and money by proving accuracy and reliability 
of equipment under actual conditions of operation—with more men 
trained in less time! 


t. 


Here at Seeburg we are continually solving challenging problems 
of this type for military and commercial customers—and especially 
in the field of telemetering where we have a long string of ‘“‘firsts”’ 
and an impressive backlog of experience in specialized design, 
R & D and production. 


Do you have a telemetering problem? Then see Seeburg first— 
for Seeburg has the answer—with on-time delivery and top 
quality production to your specification. 


’ 


QO 


1010 WEED STREET + CHICAGO 22 tit. 
A DIVISION OF FORT PITT INDUSTRIES. INC. 


PDM-FM/FM-PAM-PCM MAGNETIC DATA RECEIVING 
TELEMETERING RECORDING AND HANDLING SYSTEMS 

Radar Assemblies « Audio Amplifiers « Airborne & Shipboard 

Navigation Equipment * Communications Equipment * 


Ferrite Core Memory Storage Systems « Airborne Radar 
Antennas « Guided Missile Electronic Units « Music Systems 


An Electronic Facility with a 55 Year Background of Quality R & D and Production Accomplishments 





over conventional fuels. 

The prospect for producing, stor- 
ing and using bulk quantities of the 
highly reactive molecular fragments is 
said to appear discouraging. The re- 
port recommends active basic research 
to explore the formidable problems and 
expand knowledge of the substances, 
but warns that the program should be 
a speculative one with little probabil- 
ity of practical development. 

The 29-page report, designated 
PB 131076, has been made available 
by the Air Force through the Depart- 
ment of Commerce, Office of Technical 
Services, for 75 cents. 


Construction Begins 
on Four Bomarc Sites 


The Air Force has released $46 
million to begin construction of Bo- 
marc missile facilities at Dow Air Force 
Base, Maine ($10.2 million); McGuire 
Air Force Base, N.J. ($12.5 million); 
Otis Air Force Base, Mass. ($10.2 mil- 
lion) and Suffolk County Air Force 
Base, Long Island, N.Y. ($12.5 mil- 
lion). 

These missile sites will include 
launching and storage facilities, missile 
operating and maintenance facilities, 
control and protection facilities and 
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Send your tough 


fuel injection problems 


to DELAVAN 


ufacturing personnel accustomed to work 
ing to the highest standards translate the 
most difficult designs into production mod 
els and deliver the quantities you'll need on 
time. How can we help you? 


For years Delavan has been designing and 
developing Fuel Injectors for the most ad 
vanced engines and thrust augmenters. A 
cross section of the Delavan experience 
available to you would include fuel injec 
tors for engines powering Liquid Propellant 
Rockets, Ramijets, Pulsejets, Turbojets and 
Turboprops. 


And remember, Delavan has the most com 
plete facilities anywhere for testing and 
producing these injectors once they've re- | 
ceived your approval. Highly trained man- 








supporting utilities 

Meanwhile, a contract to install 
ground support equipment in the first 
Bomarc base at Eglin AFB, Fla., has 
been awarded by Boeing Airplane Co. 
of Seattle, Wash., prime contractor for 
the Bomarc weapon system. 

Designated as an employment and 
suitability test base, the facility is cur- 
rently under construction by the Army 
Corps of Engineers. After the site has 
been prepared, Paul Hardeman, Inc., 
will begin installation of launchers, 
ground testing equipment and mainte- 
nance equipment. 

The Bomarc base will be used to 
check out its operating functions, 
which, if proven, will be incorporated 
in the four new bases. 

The Boeing contract with Harde- 
man calls for supply of supporting 
services in addition to the installation 
of equipment, and for assistance to 
Boeing in calibrating and checking out 
the system. The supporting services 
called for in the contract include 
guards, transportation facilities, main- 
tenance and warehousing services. 

Boeing will manage the test base 
until it is turned over to the Air Force 
About 60 Boeing and 300 Hardeman 
people will be employed in the installa- 
tion, checkout and calibration phases 
of base preparation 


Titan Offered 
as Manned Carrier 


The present Titan configuration 
could place a manned satellite in orbit 
and return it safely to earth when 
desired. This disclosure was made by 
H. W. Merrill, vice president of The 
Martin Co. at a Chamber of Commerce 
meeting in Denver, Colo. 

Merrill, in discussing the tasks that 
could be assumed by the Titan in a 
space exploration program, said: “Sub 
stituting a satellite for the nose cone 
warhead would enable Titan, in its 
present configuration, to launch an 
earth satellite weighing more than a 
ton. Reconnaissance flights around the 
moon could be accomplished by adding 
stages. Titan has a considerable design 
growth factor applicable to the hard- 
ware requirements for probing space 
and reaching the moon. 

“The same engines now in pro- 
duction that will boost Titan to 25,000 
feet/second velocity” he added, “can 
boost a somewhat lighter body to the 
escape velocity of 35,000 feet/second 
or to an orbital path around the earth 
Using the same number of stages, the 
ratio of thrust to weigh would be 
greater by using a lighter payload, 
and higher accelerations and velocities 
could be reached before burnout. It 
would also be relatively easy to add 
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still another stage. The same guidance 
system that will enable the Titan war- 
head to reach its target within a per- 
missible accuracy would also be suf- 
ficiently accurate to hit a target much 
smaller than the size of the moon, even 
at that increased range.” 

He announced that Martin pro- 
posed a moon project to the govern- 
ment before Sputnik I was launched. 
The proposal, currently under con- 
sideration by the Department of De- 
fense, suggests how the United States 
can reach the moon before Russia. 
Merrill pointed out that Martin is not 
the only contractor that has suggested 
utilization of the Titan in proposals 
asking for more active participation in 
the U.S. space program. 

The Martin Co. vice president, 
when questioned whether history would 
record the Russian satellites achieve- 
ment as the greatest of this age, said: 
“History will decide whether Sputnik I 
will share an equal honor with the 
Wright brothers flight, or whether the 
first manned space flight will hold most 
significance.” 


Reaction Reports 
50% Sales Increase 


Reaction Motors, Inc., reports that 
sales for 1957 totaled about $24 mil- 
lion, an increase of 50 per cent over 
1956. Adjustments during this period 
resulted in a backlog reduction of about 
$17 million, with no contract cancella- 
tions reported. 

The company’s preliminary analy- 
sis also reveals an increase of 32 per 
cent in total facilities, 11 per cent in 
working capital and about 23 per cent 
in personnel. 

Research and development work 
continued to the RMI’s main activity in 
1957, although substantial progress was 
made toward greatly expanded pro- 
duction operations. 

Based on development contracts 
currently held and under negotiation, 
the company anticipates that 1958 will 
be another growth year. 


Vanguard Program 
Known to Only 20% 


Researchers at the Survey Re- 
search Center of the University of 
Michigan have revealed that a survey 
made in April 1957, showed that 54 
per cent of the people in this country 
never heard of the Vanguard program, 
satellites, plans to launch satellites, or 
any other phase of this IGY program. 
Only 20 per cent of the persons inter- 
viewed had any real idea of what the 
program was expected to accomplish 
although many had heard it in a gen- 
eral way. 
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Russian Claims U.S. Neglects Talent 


Too much American dependence 
on foreign brainpower may be an im- 
portant factor in U.S. rocket failures, 
according to a leading Russian space 
scientist. 

Prof. Y. Pobedonostsev, writing in 
the Soviet magazine NOVOYE VREMYA 
(New TiMes), claims that the United 
States has tried to import missile ex- 
perts in the same way it has attracted 
movie stars and pugilists. The result, he 
says, is that America has neglected the 
training of its own people. The article 
states in part: 

“The immediate technical cause 
of America’s unsuccessful launching of 
an earth satellite may have been a dis- 
turbance in the functioning of the 
smallest instrument or device, or the 
fault may have lain with the actual 
design of the rocket or its propulsion 
unit, Naturally no research team is 
guaranteed against accidents. But the 
systematic American rocket failures 
impel one to look deeper for the rea- 
sons. 

“To my mind,” Pobedonostsev 
went on, “the root of the trouble lies 
in the U.S. approach to building up 
scientific and engineering forces, which 
America has attempted to do by im- 
porting rather than training its own. 

“This is not a new thing. It has 
been going on for decades. From Rus- 
sia, for example, S. P. Timoshenko, 
the father of modern structural me- 
chanics, went to America. Also the air- 
craft designers A. P. Seversky and I. I. 
Sikorsky and a number of other im- 
portant experts. 

“From Germany, the United States 
was able to bring over Dr. Albert Ein- 
stein, author of the theory of relativity; 
and the same happened with leading 
Austrian, Swiss and Chinese authorities 
on aerodynamics. Following Germany’s 
defeat, her foremost rocket experts— 
von Braun, Dornberger, Ehricke, Oberth 
and many more were taken over to 
America. 

“There is also the fact, noted in 
American technical literature, that in 
1940 the British government, unable to 
undertake large-scale rocket research 
and production at home, was obliged to 
turn over to the United States technical 
documentation on jet aircraft engines 
and missiles. 

“And so, rocket development in 
the United States has proceeded largely 
through the importation of foreign 
brains and on the basis of foreign re- 
search. But this has proved a very 
mixed blessing because the training of 
native forces has failed to receive 
proper attention. 

“National American science is in 
danger of becoming a rather tenuous 
concept.” Pobedonostsev added that 





Russian rocket science and technology 
have been developed through training 
of its own people and through complete 
and unselfish cooperation in all stages 
of planning. 

“But in the United States, the dif- 
ferent parts of some complex unit—a 
ballistic missile, a long-range aircraft, 
or an earth satellite—are manufactured 
by different firms, whose narrow in- 
terests paralyze the researchers’ natural 
and patriotic desire to work together. 
Each firm is out to get more of the 
orders, to make more money out of 
the common undertaking. Who, then, 
is going to pool experience with his 
competitor and help him? 

“Nor is it only the firms that com- 
pete. There is perpetual wrangling even 
between the different services. The 
Army squabbles with the Air Force 
over who shall make IRBM policy, and 
the Navy is at loggerheads with the Air 
Force over guided aircraft missiles. 

“In the USSR, with its coordinated 
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Unsurpassed resiliency at 
—320°F is offered in our 
cially processed Kel-F* for 
rocket and missile seals. Sheets 
and tubes to 18-inch diameter 
are available, exhibiting unusual 
clarity and a minimum of cold 
flow throughout the ambient 
range. 

Our engineering department 
is available to work with you 
on your Kel-F* and TEFLON* 
problems. 

We are approved to work 
under all military and commer- 
cial specifications. 


COMPANY 


1206 East Ash Avenue 
Fullerton, California 
Telephone LAmbert 5-3563 
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4 Ounce 

Contact Force 
Makes Relays 
More Reliable 


Contact force of 4 ounces per 
contact on 50 “G” models and 2 
ounces per contact on 30 ‘‘G”’ 
models of “Diamond H”’ Series R 
and Series S miniature, hermeti- 
cally sealed, aircraft type relays is 
one of the most important factors 
in their proven high reliability. 

Though absolute reliability of 
any similar device is impossible to 
guarantee—a bitter fact of life 
recognized by all electronic engi- 
neers-—close approach to this goal 
by the relays manufactured by 
The Hart Manufacturing Com- 
pany is the basic reason they are 
found today on many of this coun- 
try’s headline-making missiles. 

In addition to contact force far 
beyond that found on other relays, 
“Diamond H”’ relays have greater 
contact cleanliness. Self-contami- 
nation is virtually eliminated by a 
completely inorganic switch 
mechanism, as well as use of coil 
materials which will not dust, flake 
or out-gas. 

Finally, the high degree of re- 
liability that is designed into these 
relays is maintained in their man- 
ufacture by high quality workman- 
ship and a stringent inspection 
policy at every stage. 

In addition to missiles, and their 
ground control systems, Series R 
and S relays are designed for use 
in jet engine controls, computers, 
fire control, radar and similar 
critical applications, 

4PDT units, they offer an ex- 
tremely broad range of perform- 
ance characteristics, including 
temperature ranges from —65° C. 
to 125° and 200° C.; ratings to 10 
A., 120 V., A. C., and 26% V., 
D. C., with special ratings to 400 
ma. at 350 V., D. C., or down to 
millivolts and milliamperes. Dry 
and wet circuits may be safely 
inter-mixed. 

For more information, write 
today for Bulletins R250 and 
$260. For quick facts about 
“Diamond H”’ switches, ther- 
mostats and other devices, ask 
also for a copy of the “‘Diamond 
HH” Check List of Reliable 
Controls. 


THE 
HART MANUFACTURING 
COMPANY 
161 Bartholomew Ave., Hartford 1, Conn. 
Phone JAckson 5-3491 
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| ing capabilities, 


economic planning, everything tends 
toward concerted and mutually-helpful 
endeavor by the different research and 
production centers. These centers have 
everything they need—personnel, ma- 
terials and money. They work accord- 
ing to a coordinated plan in the in- 
terests of the state as a whole.” 





GE Promotes Turbojets 
For Ballistic Boosters 


The Aircraft Gas Turbine Divi- 
sion of General Electric is suggesting 
the use of turbojet engines as a first- 
stage platform for !aunching ballistic 
missiles and space vehicles. John B. 
Montgomery, general manager of the 
division, said the turbojets would lift 
the missile or space vehicle above the 
dense layers of the atmosphere where 
the rocket engine would take over for 
the remainder of the flight. Tremen- 
dous savings in total takeoff weight plus 
the ability to recover the booster for 
reuse were cited as the major advan- 
tages of the system. 

“Air-breathing boost units, which 
could have vertical takeoff and land- 





simply would be 
launched or landed at appropriate loca- 
tions as occasion demanded. Transpor- 
tation and ground-handling facilities to 


| support such a launching site would be 


very much simpler than the elaborate 
structures being built for today’s bal- 
listics missiles,” Mr. Montgomery de- 
clared. 

He said that advances in turbojet 
technology now being achieved could 
make possible the development of an 
air-breathing boost for launching bal- 
listic missiles and space vehicles within 
the next few years. 


AMRI Says Missiles 
Not ‘Subhead’ of Airframes 


The Associated Missile and Rocket 
Industries has stressed the importance 
of an overall awareness of the evo- 
lution of a missile industry in the 
United States. 

In a recent report, AMRI pointed 
out that the missile industry is com- 
prised of airframe, electronic, chem- 
ical and automotive giants working side 
by side with hundreds of subcon- 
tractors. It added that, although the air- 
plane manufacturers have played a 
major role in the evolution of this 
industry, missiles should no more be a 
subhead under airframe than aircraft 
under automobiles. 

AMRI emphasized the need for a 
concentrated national effort, free from 
dominance by “older” weapons and 
ideas, in order for the United States 
to gain space supremacy. “This is recog- 
nized in the strong demand for cen- 
tralization of authority—in Congress, in 
official agencies, in the armed forces, 
and in_ scientific development—for 
missiles as a field in itself, subordinate 
to no other.” 

A survey of prime and leading 
subcontractors of the missile industry 
recently compiled by AMRI lists 960 
companies distributed within eight sec- 
tions of the U.S. The Mideast heads 
the list with 342, followed by Great 
Lakes, 219; Far West, 212; New Eng- 
land, 104; Southeast, 31; Plains, 31; 
Southwest, 17; and Rocky Mountains, 
4. In states, California leads with 208, 
followed by New York with 167. 


Air Reduction Dedicates 
New LOX Plant 


Hughes Products, the commercial 
division of Hughes Aircraft Co., has 
increased its sales during the past five 
years from $400,000 to an estimated 
$40 million in 1958, Rollin M. Russell, 
an executive of the company, reported 
recently. 

“The commercial electronics in- 
dustry has not been subject to either 
rapid inflation or deflation during the 
year and, as a result, will be able to 
continue its marketing of a wide variety 
of new products while conducting an 
intensive program of applied research,” 
Russell said. 

The anticipated gross of $40 
million during 1958 will contrast with 
sales of $22,500 million for 1957. He 
said $5 million would be spent on ap- 
plied research, none of it involving 
military contracts. 

“The bulk of our sales dollars—in 
excess of 30 million—will come from 
diodes, transistors, rectifiers and other 
semiconductor devices, but we antici- 
pate a healthy increase also in sales of 
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INDUSTRIAL GASES 
FOR YOUR FUTURE 








To help supply the ever-increasing demands for 
industrial gases, Airco is forging new links to a 
growing chain of producing plants criss-crossing 
the country. Some of these new facilities are 
already in operation, others will be in operation 
by the latter part of this year. This multimillion 
dollar construction program will greatly increase 
our capacity to supply your present and future 
requirements for oxygen, nitrogen, argon and 
other gases. 


AT THE FRONTIERS OF PROGRESS YOU'LL FIND... 


——=) ==, AiR REDUCTION SALES COMPANY e | — ne 










OXYGEN... 
NITROGEN... 
ARGON... 














The goal of this expansion effort is to gear each 
Airco plant to serve the needs of its own area— 
and also to support the customers of any Airco 
plant in an adjacent territory by providing 
deliveries of the industrial gases needed in the 
quantities required. 

The services Airco offers its customers are well 
worth your consideration. Let your nearest Airco 
office help plan the most economical gas supply 
for your needs and the most efficient way to use it. 
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On the west coast — 
Air Reduction Pacific Company 





In Cuba — 
=) (SA A division of Air Reduction Company, Incorporated Cuban Air Products Corporation 
° 150 East 42nd Street, New York 17, N. Y. In Canada — 


Offices and dealers in 


most principal cities 


Products of the divisions of Air Reduction Company, Incorporated, include: AIRCO — industrial gases, welding and cutting equipment, and acetylenic chemicals « PURECC 
— carbon dioxide — goseous, liquid, solid (““DRY-ICE"’) * OHIO — medical gases and hospite! equipment « NATIONAL CARBIDE — pipeline acetylene and calcium 
carbide « COLTON — polyvinyl acetate, alcohols, and other synthetic resins. 
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electron tubes and instruments,” Russell 
continued. 

He predicted that new advances in 
semiconductors, electron tubes, cir- 
cuitry, automatic controls and other 
electronic devices will contribute greatly 
to the continued progress of American 
industry during 1958. 

Russell said the big push toward 
automation will get under way during 
1959 and 1960; that results of in- 
tensive research in electron tubes will 
be most apparent during 1958; and 
that brighter display tubes and other 
new products will result in important 
advances in communications, detection 
devices and read-out devices 


NACA Establishes 


| 
| Space Committee 
| 





James H. Doolittle, chairman of 
| the National Advisory Committee for 
Aeronautics, has announced the estab- 
lishment of a special committee on 
space technology. Dr. H. Guyford 
Stever, associate dean of engineering 
at Massachusetts Institute of Technol- 
ogy, has been selected to head the new 
committee. 

The NACA authorized establish- 
ment of the committee and Dr. Stever’s 
| appointment as head of the new group 

The committee will assist the main 
committee in coordinating and defining 
increasing efforts of the NACA on 
problems of space flight 

The space technology committee 
will have a total of about 15 members 
Each one will be a leader in some as- 
3 : pect of the broad field. An early organ- 
New Dimension in ization meeting of the group is planned 
In addition to the special committee, 
B E L L '@) W S there will be a number of subcommit- 
tees dealing with specific aspects of 
space technology 
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Firecrackers Explore 
| Weather at 60 Miles 
High-explosive “firecrackers” built 
into rocket nose cones have been used 
: _ to explore the weather to an altitude 
- Ww in precision , . 
If you need a source of unusual know-ho P ‘ of 60 miles in a series of tests for the 
welded bellows design and manufacture, we can provide | [nternational Geophysical Year at Fort 
it and deliver on schedule. Belfab Corporation has in- | Churchill, Canada. | 
f busi in th recision bellows Physicists of the U.S. Army Signal 
creased its volume of business in the p Engineering Laboratories at Fort Mon- 
field by a rate of more than ten to one in | mouth, N.J., made the studies in a 
the last ten months. 





series of five summer rocket firings 
using Aerobee rockets. 

The special Aerobees were loaded 
with 19 high-explosive grenades, which 
ejected from the nose cone at pretimed 
altitudes to sound out temperatures and 
winds simultaneously for the first time 
THERELFEFAB at such altitudes. The blasts were heard 

CORPORATION by delicate sound-ranging devices on 

the ground. 
AGAWAM, MASSACHUSETTS @ DAYTONA BEACH, FLORIDA The time it took for the sound 
©1958 TRC | of each blast explosion to reach the 


There is no obligation for preliminary 
design, catalog and data sheets. 
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When you’re looking 
for something special 


The atomic structure of a special steel has a great deal 
to do with its specific properties in service . . . how 


well one steel will meet the need for high strength 
and heat resistance in a jet plane for example . . . 
how completely other steels will supply corrosion 
resistance, wear resistance, improved magnetic prop- 
erties, or other desired qualities. 


That's why our development of special steels, and 
such special-property metals as titanium and zir- 
conium, starts at the atom. But it continues with the 
equally important job of supplying you with your 
required material in every shape, form, size or quantity 
needed to take the brakes off your design and pro- 
duction plans. 

Think of Allegheny Ludlum first—both for any new 
development you may need, and for top quality in 
your steady-running supply of stainless, tool or 
electrical steels. Allegheny Ludlum Steel Corporation, 
Oliver Building, Pittsburgh 22, Pennsylvania. 
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ALLEGHENY LUDLUM 


PIONEERING on the Horizons of Steel 


Warehouse stocks carried by all Ryerson steel plants 


WSw 6662-A 


Stainless and high-temperature, electrical and tool steels; magnetic materials and sintered carbides 
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ground gave scientists an accurate in- 
dication of winds and temperatures. 
After readings are analyzed, the data 
will be made available to scientists 
of the more than 40 nations participat- 
ing in the IGY. 

Preliminary examination of the 
data from the firings indicates that 
winds of 300 miles an hour or faster 
are not uncommon in the stratosphere, 
where temperatures plunge to -100°F. 
It also appears that high-altitude winds 
over Canada are much stronger than 
over the United States. 

The five Fort Churchill firings 
were spread out over the summer 
months to get representative samplings, 
and launchings were made in morning, 
afternoon, evening and night. All firings 
were successful. They were the second 
phase of a three-pronged study of the 
high-altitude air movements which have 
a profound effect on weather on the 
ground. 

Tests have already been completed 
over White Sands, N.M., and next 


year the same Army team plans to 
make soundings from Guam in the 
Pacific. Another series of four rockets 
will be launched this winter from Fort 
Churchill to get representative high- 
the cold 


altitude wind figures for 
months. 
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Allegany Discloses 
Deacon Rocket Details 


CUMBERLAND, Md.—Hercules 
Powder Co., operators of the Alle- 
gany Ballistics Laboratory, have 
furnished details of two Deacon rocket 
models, the JATO X204 (solventless 
extruded grain) and the JATO X220 
(double-base cast grain). Both grains 
use an internal burning star configu- 
ration. 


X204 X220 
Overall length, in. 105.7 110 
Diameter, in. 6.25 6.25 
Loaded weight, Ibs. 150 152.5 
Propellant 
length, in. 96.5 = 
Propellant 
weight, Ibs. 100 108 
(w./inhib.) 
Inhibitor thick- 
ness, in. 
(cellulose 
acetate) 0.1 0.125 
Burning time, sec. 3.28 3.19 
Total impulse, 
Ib.-sec. 20,000 18,300 
Motor case _ thick- 
ness, in, 
(aluminum) 0.12 0.12 
Igniter 100 g 40 g black 
FFFG powder 
black 20g trench 
powder mortar 
sheet 
a —— 
a“ a 


“Zero-motion** Braid’’. 
Elongation or contraction at 
\ operating pressure: Less than ] 
\ Va of 1%. A 
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Development of Deacon began 
in January 1945. The rocket has seen 
extensive use since then. In 1956 some 
264 extruded propeliant Deacons and 
over 1300 cast grain Deacons were 
shipped to over 20 propellant groups. 

NACA has fired the Deacon to 
a speed of 6900 fps., and altitudes 
up to 70 miles. Sandia Corp. has used 
the rockets to power a large centri- 
fuge where lateral accelerations of 
200 g were experienced. Other Deacon 
rockets were used for Pogo, Rockoon, 
Terrapin, and Father John. The lat- 
ter configuration tested the Honest 
John system. Father John used a 
standard M6 JATO around which were 
wrapped 6 to 10 Deacons. 


Ion Layer Causes Radio 
Blackouts, AAAS Reports 


Scientific probings into the upper 
atmosphere with the aid of rockets 
have corroborated the belief that radio 
“blackouts” are caused by an extra 
layer of ionized particles which occurs 
during solar flares 10 to 12 miles be- 
low the lowest portions of the iono- 
sphere, the American Association for 
the Advancement of Science reports. 
Other rocket experiments have estab- 
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lished that this layer is caused by the 
sun’s X-ray emissions. 

In a summary of the first six 
months of the United States IGY pro- 
gram, the AAAS reports that consider- 
able data involving measurement of 
pressure, temperature and density of 
the upper atmosphere was gathered 
with aid of the rocket vehicle program. 

During the first six months, 81 
rockets were fired, including 9 Aero- 
bees’, 5 Nike-Cajuns, 13 Nike-Deacons, 
and 54 Rockoons. The report states 
that the Sputniks, in addition to the 
rockets, have proved very useful in 
gaining new information concerning 
the ionosphere. 

The AAAS findings reveal the 
probable existence of an “electro-jet,” 
a marrow equatorial electric current 
which circles the earth in the high 
atmosphere. This is one of three hy- 
pothecated currents of perhaps several 
hundred thousand amperes circling the 
earth. The others girdle the North and 
South magnetic poles. 

Hugh Odishaw, executive director 
of the US-IGY Committee and author 
of the report, noted that IGY data is 
already beginning to flow into three 


Italian Missile Program Underway 


The existence of an Italian missile 
program has been officially confirmed 
by the Ministry of Defense and al- 
though its specific structure is not 
known, it is possible to outline the gen- 
eral characteristics of the program. 

The first operative units to be 
armed with missiles will use Nike-Ajax, 
and at least three battalions will be 
supplied with the weapon before 1959. 
Placement is not expected to be around 
any one major city, but more likely 
will be planned to provide three cities 
with partial protection. They are Rome, 
the capital; Naples, NATO headquar- 
ters; and Milan, the major economic 
center of the country. 

In addition to receiving Nike-Ajax 
from this country, Italy has expressed 
considerable interest in building weap- 
ons under license from foreign com- 
panies. The first of these licenses has 
been granted by Oerlikon for its sur- 
face-to-air missile, the Oerlikon 54, to 
its associate firm, Contraves Italiana. 
The Qerlikon 54 is a beam-rider using 
a liquid-fueled engine (nitric acid/kero- 
sene). The missile has no external 
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World Data Centers, in the United boosters and its guidance system is 
States, the USSR, and in Western efficient to an altitude of 50,000 feet. 
Europe-Japan. In mid-December, a type 54 rocket 
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under evaluation test is understood to 
have exploded at 2300 feet over the 
Sardinian test range. 

Other missiles that interest the 
Italian government are the Nike-Hercu- 
les, Bristol Bloodhound and the Terrier, 
which will probably enter service with 
the Italian Navy. Britain is understood 
to be willing to sell Fairey Fireflash 
and de Havilland Firestreak, while the 
United States may be willing to supply 
both the radar- and infrared-guided 
Falcon, as well as the Philco Side- 
winder. 

A modest experimental program is 
underway for the development of orig- 
inal Italian weapons. One of these is 
the A.R.14, a beam-riding liquid-pro- 
pelled missile. The A.R.14 is 23-feet 
long, weighs about 1100 Ibs. and has a 
2200-lbs.-thrust engine using nitric acid 
and kerosene which burns for 29 sec- 
onds. Range is over 65,000 feet alti- 
tude, and powered flight is understood 
to carry the missile above 33,000 feet. 

Simultaneously, a program is un- 
derway to develop an infrared-guided 
missile. Coordinated by Centro Razzi, 
the program has come up with a mis- 
sile designated the C.7, a small, solid- 
fueled missile fitted with a rectangular 











bly... Titeflex 


GUARANTEED! Titeflex Springfield ‘‘110’’ Hose Assemblies 
are approved for military use at operating pressures up to 
1500 psi between temperatures-67° F and + 450° F. They are 
guaranteed against blow-off at their specified range of tem- 
peratures and pressures. Any hose assemblies found defec- 
tive under these conditions will be replaced without charge. 


*Tefion is a DuPont trademark 
for its tetrafluoroethylene resin. 
**Titeflex, Inc. trademark. 


WRITE TODAY 
for the new 
Titefiex 
Springfield "110" 
Aircraft Catalog 
Supplement 


TITEFLEX, INC. 
603 HENDEE ST., SPRINGFIELD, MASS. 
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TEFLON* Subminiature Tube 
Lead Insulators. Possess all 
the fine characteristics of 
TEFLON—high heat resis- 
tance (to 500° F), zero mois- 
ture absorption, low loss fac- 
tor (less than .0005), tough, 
resilient, withstand shock 
and vibration. 


TEFLON Compression- 
mounted Subminiature Tube 
Sockets. Save space, as- 
sembly time. High reliability 
factor—withstand extreme 
shock, vibration, high tem- 
perature. Have low loss insu- 
lating qualities, zero mois- 
ture absorption. Versatile: 
can be used as chassis- 
mounted tube lead insula- 
tors, adaptable to printed 
circuit applications. 


No. 3 


TEFLON Compression- 
mounted, low-loss Transis- 
tor Sockets. Also applicable 
for Subminiature Tubes with 
“in-line” leads. Save as- 
sembly time and space. High 
Reliability factor—with- 
stand high temperature, ex- 
treme shock, vibration. 
Adaptable to printed circuit 
applications. 


*du Pont Trademark 





wing, with terminal plates and several 
intermediate bulkheads. In transonic 
conditions, the C.7 coasts for the 
greater part of its flight, maneuvering 
by altering the wings’ angle of attack. 
The C.7 has not been tested against 
targets or drones and therefore no in- 
dication of its efficiency is available. 

Another Italian effort in the mis- 
sile field is the Jcaro, a ballistic missile 
understood to use ramjet power. Pro- 
totypes were scheduled for completion 
by December 1957. It has been re- 
ported as filling the same role as our 
Honest John, with which the Italian 
Army will be supplied. 


Navy to Ask Additional 
Polaris-launching Subs 


The Navy has decided to ask Con- 
gress for a total of nine Polaris-launch- 
ing submarines powered by nuclear en- 
gines, it was revealed at a recent Con- 
gressional committee hearing. The mis- 
sile, currently expected to become 
operational by 1960, has made “amaz 
ing” progress, according to Navy 
spokesmen, and even better progress 
could be realized if the necessary funds 
were available. 

Adm. Arleigh A. Burke, Chief of 
Naval Operations, told the committee 
that Polaris will have limitations even 
in a general war because the system is 
“only good for mass destruction.” Fur- 
ther details on this remark were 
stricken from the published transcript 


Burroughs Making 
Atlas Computer 


Burroughs Corp. has announced 
it is making the prototype for the 
electronic guidance computer used in 
the current Atlas ICBM test program 
at Cape Canaveral, Fla. 

The company is a prime con- 
tractor in the Atlas program with con- 
tracts totaling several million dollars 
for design, development and produc- 
tion of electronic data-processing 
systems for the Atlas guidance system 

The guidance system, which has 
been successfully tested in a recent 
Atlas launching, is a prototype of pro- 
duction models which the company 
may build in Detroit. The design, de- 
velopment and assembly of prototypes 
have been carried out in the company’s 
laboratories in Philadelphia. 

Prior to launching a missile, in- 
formation concerning the planned 


Write for further information and prices. 


FLUOROCARBON PRODUCTS, INC. 
Division of United States Gasket Co., Camden 1, New Jersey 


trajectory is fed into the computer 
During the initial stages of the missile’s 
flight, a constant flow of information 
on the missile’s course, speed and alti- 
tude is given automatically to the 
computer. 

The computer compares this data 
with the information previously pro- 
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grammed, and through a transmitting 
system can instruct the missile to make 
necessary changes to keep it on the 
predetermined trajectory to the target. 

Current flights of the Atlas are 
highly instrumented to confirm the 
thoroughness of ground tests of the 
missile’s components and also to dis- 
cover any weak points in construction 
under actual flight conditions which 
need improvement. 


Rocket Bomber Approved 
for Development by AF 


Bell Aijrcraft’s proposal for a 
boost-glide bomber has been formally 
approved by the U.S. Air Force. A 
contract, m/r has learned, is now being 
negotiated. This vehicle, designed under 
the direction of Dr. Walter Dornberger 
(formerly of Peenemunde, now of 
Bell), is based in principle on the mid- 
30’s concept of Dr. Eugen Saenger. 


The proposal, which the Air 
Force is reported to have approved, 
entails not only the well-known boost- 
glide concept but is projected to the 
point of an orbiter. In its initial stages 
the vehicle would have a range of 
about 12,000 miles and a velocity over 
target of about 12,000 miles per hour. 
A major advantage of this concept is 
that it would have the flight character- 
istics of a highly sophisticated missile 
but would have a man along as well to 
monitor the vehicle’s operation and to 
provide direct guidance of the rocket 
bomb to target. 


BDSA Cancels Order 
for Titanium Products 


The Business and Defense Serv- 
ices Administration has canceled its 
order M-107 for titanium mill prod- 
ucts. The cancellation was due to re- 
duction of military demand for the 
metal to a point where the order was 
no longer necessary. 

The BDSA said the revocation will 
result in greater savings in paperwork 
by elimination of the requirement that 
mill schedules in the industry be sub- 
mited for the approval of the De- 
fense Department. More latitude will 
be given industry in the expansion 
of civilian business as another result 
of the cancellation, but defense orders 
will continue to have a priority rating. 


Order M-107 originally required 
producers of titanium mill products to 
submit monthly production schedules to 
the Pentagon for review. The DOD 
then recommended what changes were 
thought necessary, with BDSA taking 
final action. The procedure was adopted 
during the period when the Defense 
Department was taking 95 per cent of 
the total titanium supply. 
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Diagram of Sputnik IPs Payload 
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A diagram of the forward section of SPUTNIK II shows the protective nose cone (1), 
the instruments used to record solar activity such as ultraviolet and X-rays (2), the sphere 
containing radio transmitters and other instruments unidentified (3), the frame enclosing 
the satellite's scientific equipment (4) and the cabin containing the dog, Laika (5). 

















CIRCLE 
SEAL 

CHECK 

VALVES 


CHECK VALVES are 
in the heart of 
the missile. To 
prevent heart 
failure, check 
valves must 

not leak. 

Circle Seal valves 
provide proven 
100% leakproof 
reliability. 


Complete engineering data 
available. Write today! 


circté » »\ JAMES, POND & CLARK, INCORPORATED 
2181 East Foothill Boulevard 
x SEAL Pasadena, California 

Representatives in all principal U.S. cities 
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AVCO Preposes Manned Re-entry System 


AVCO Research Laboratory has 
submitted a proposition to the Air 
Research and Development Command 
for sending man into orbit and return- 
ing him safely by parachute. It can 
be ready, according to Dr. Arthur R. 
Kantrowitz, lab director, “as soon as 
a reliable Titan is available as a launch- 
ing vehicle.” 

Dr. Kantrowitz says that AVCO 
has solved the design problems of the 
re-entry parachute and of the environ- 
mental capsule to carry a man many 
times around the earth and then protect 
him as he returns through the at- 
mosphere. He stated also that the very 
complex structural problems of both 
parachute and capsule have been solved. 
He noted also that should the passenger 
of the AVCO satellite become in- 
capacitated for any reason, it is sub- 
ject to complete remote control from 
the ground, and that the system could 
be brought back to a pinpoint landing 
even though the man inside were un- 
conscious. 

Dr. Kantrowitz thinks that para- 
chute re-entry is much more practical 
than other proposals involving winged 
re-entry, retro rockets, etc. “These are 
Cadillac approaches,” he says. In addi- 


FFT* Can Reduce 


Pre-Launch Delays 


“Countdown” delays of missile launchings, 

caused by time-consuming 

manual fueling operations, can be eliminated 

by applying proved FFT principles developed 
by Flight Refueling, Inc. 
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*FFT means Fast Fuel Transfer 


tion, Dr. Kantrowitz insists that con- 
trary to popular belief, parachute re- 
entry can be just as accurate, as to 
landing point, as any other system and 
“a lot simpler.” By parachute, he does 
not mean the cloth umbrella that people 
usually think of as a parachute, but 
more like a drag brake of metal. 

Other manned re-entry systems 
have been proposed by Convair, Martin, 
Space Technology Laboratories (Ramo- 
Wooldridge subsidiary) and Cook 
Electric Co., to mention a few. 


Summers, Mercast Merge 
as the Summers Corp. 


Summers Gyroscope Co. and 
Mercast Corp., an affiliate of the Atlas 
Corp., have merged and will henceforth 
be known as the Summers Corp. The 
merger, approved by the boards of di- 
rectors of the two companies, is now 
subject to the approval of the stock- 
holders, the Civil Aeronautics Board 
and the California Commissioner of 
Corporations. Mercast has assumed re- 
sponsibility for the management of 
Summers, under the direction of Jack 
S. Warshauer, vice president of Mercast 
and executive vice president and chief 


executive officer of Summers. 

The merged company, which 
manufactures military products for 
missiles and aircraft, will have three 
divisions, each a separate entity. They 
will be the Summers Gyroscope Co., 
Mercast Corp., and Gray and Hule- 
guard, now a subsidiary of Mercast. 


Northrop Engineers Move 
to New Science Center 


Northrop aeronautical engineers 
have begun occupancy of a 380,000- 
square-foot multimillion-dollar  scien- 
tific research center at Hawthorne, 
Calif. Approximately 2800 engineers 
and scientists, working on advanced 
guided missile and airframe projects, 


will be housed in the new research 
center. 
Prime structure is an air-condi- 


tioned six-story tower equipped with 
automatic elevators. The building fea- 
tures modular interiors designed to 
specifications of Northrop’s human en- 
gineering group for maximum job 
efficiency. 

Immediately adjacent to the tower 
is a two-story structure housing an 
ultramodern drafting room on its sec- 
ond floor. Its ground floor will contain 
Northrop’s computer research center, 



















your missile system problems? 


Flight Refueling, Inc., 
Friendship International Airport, 


Baltimore 3, Maryland. 





The experience which Flight Refueling 
has gained in research, design and production 
of Fast Fuel Transfer systems used on 
modern military aircraft 
is already being applied to solve 
the complex problems of split-second preparation 
of rockets and missiles, with greatest safety. 


Would you like information on FFT devices, 
and how they may be applied to solve 


Write: Director of Customer Relations, 


Flight Refueling, 
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West Coast Representative: William E. Davis, P.O. Box 642 Inglewood, Calif. 
Dayton Representative: Fred J. Kendell, P.O. Box 622, Far Hills Sta., Dayton, O. 
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which will use the latest computing 
equipment. 

Both buildings are built of struc- 
tural steel and concrete with porcelain- 


ized steel window wall panels. Both are 
fully air-conditioned and fireproofed. 
Color-engineered interiors were de- 
signed for eye-ease and optimum en- 


vironment for scientific endeavor. 
Other new facilities constructed 
simultaneously with the scientific re- 
search center include a 46,000-square- 
foot engineering test laboratory, a 
high-performance wind tunnel, a new 
air-conditioned cafeteria, a modern 
“showcase” building to house product 
displays, a new tooling structure, tank 
2 : sealing building and improved under- 
WEIGHT ‘a ground utilities. Spe. . 
a > . | Additional facilities built during 
' Re , the same period for the U.S. Air Force 
1 a to be used by Northrop include a 
muffler for testing guided missile en- 
gines, an environmental laboratory for 
simulation of various flight and launch 
conditions in aircraft and missile test- 
ing programs, and a guided missile pre- 
flight installation. 


| Ohio State Records 
The Newest Concept in Death of Sputnik I 
Microwave Plumbing The radio telescope at Ohio State 


, ‘ ‘ , : University, using a new system of 
Printed circuitry in a sandwich type | radio reflection, recorded the final flight 
of construction has been adapted to | of Russia’s first satellite. The data of 
produce microwave plumbing that | Sputnik I's last hours was compiled by 
offers a substantial reduction in size | '¢ University’s tracking team under 


1 weight. By lardizi the direction of Prof. John D. Kraus. 
and weight. By standardizing on | Suite teatinidedd audis 6 tio ant 


component parts, system package | lite were tracked in late December. 
design for units within a frequency | These were identified as the last-stage 
range of 500MC to 12,000MC can be rocket structure, the satellite sphere, 


. . and the protective nose cone. The two 
accomplished. Electrical character- ee ene ae : 
largest parts began to break up around 


istics, in general, compare with co- the first of the year and by January 6 
axial. eight separate pieces were distinguished 
One of these either was vaporized by 
aerodynamic heating or completely dis- 
OTHER KEARFOTT products integrated by the following day. Within 
24 hours, three pieces more ceased to 
exist. By January 9 only one fragment 
remained in orbit. Ninety-eight days 
from its launching, on January 10, no 
trace of this final fragment could be 
found. 

The radio telescope tracked the 
fragments by reflecting radio waves off 
the ionization streams produced by the 
hypersonic flight of the satellite through 
the rarified upper atmosphere. The ra- 
dio signals were broadcast at a fre- 








include: Ferrite Isolators and 
Duplexers in a wide range of 
sizes and band widths and fa- 
cilities to produce special con- 
figurations if desired. Our * 
engineers can help you. 
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CEILING—AND FUTURE—UNLIMITED! 


will be super-accurate in performance, 


There is no telling the heights to 
which man may go in his exploration 
of space. 

Likewise limitless is the ceiling on 
Bendix Red Bank technological 
advancements which will contribute 
importantly to man’s future in space. 

Today Bendix Red Bank leads the 
way in such critical electric and elec- 
tronic products as metal-ceramic 
receiving tubes, metal-ceramic micro- 


wave tubes, metal-ceramic time total- 


Red Bank Division 


February, 1958 


izers, static power supplies, transistor 
regulating and control equipment, and 
complete power generating systems 

Vastly improved models of these 
products for application in tomorrow’s 
space age are even now under de- 
velopment at Bendix Red Bank 
Among other things, these products 
will be capable of withstanding un- 
believable shock loads, will operate 
at previously impossible temperature 


extremes, will be smaller and lighter, 


EATONTOWN, WN, J 


‘ 
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“Send” 


and will, in fact, be completely en- 
vironment-tree 

SO, look for Bendix Red Bank to 
continue showing the way in the up- 
coming space age with ceiling—and 


future—unlimited 


W est Coast Office: 117 E. Providencio Ave., Burbank, Calif 


Export Sales & Service 
Bendix International, 205 E. 42nd St.. New York 17, N. Y 


Canadian Affiliates: Computing Devices of Canoda, Ltd., 
P.O. Box 508, Ottawa 4, Ont., and Aviation Electric, Utd. 
P. O. Box 6102, Montreal, Que 





FOR SHIPMENT... 


NOW 





STAINLESS STEEL 
A N FITTINGS 


Shipping NOW !. . . has never been a problem with 
Airdrome Parts Co. We always have on hand a 
complete stock of Stainless Steel AN Fittings, 
ready for immediate shipment. 


Naturally, our fittings meet all military 
specifications. 


We can also give you fast service on custom 
fittings. 


If you want your shipment to start NOW! call. 


write or wire... 


AIRDROME PARTS CO 


ORegon 8-7133 
922 West Hyde Park Boulevard, Inglewood 3, California 
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approximately 1400 revolutions, cover- 
ing well over 37 million miles. 

Tass noted that, in view of its ob- 
ligations, the Soviet IGY committee 
was preparing and circulating a pre- 
liminary scientific report to other or- 
ganizations in the IGY program. One 
definite bit of information that Sputnik 
I established, according to Tass, was 
that the danger from meteorites had 
been less than expected. The agency 
said the sphere had passed through 
several meteor showers undamaged. 


Boeing Receives Contract 
for 100 More Bomares 


Boeing Airplane Co. has received 
a letter contract for approximately 100 
more Bomarc area defense missiles 
This latest production contract, for an 
undisclosed figure, is in addition to the 
approximately $146 million awarded 
for the Bomarc from fiscal 1958 funds. 

First production vehicle recently 
came off the assembly line at Seattle. 

Major portions of the missile—a 
reported 70% of the entire system—is 
subcontracted, with assembly at Seattle. 
Production at the company’s Develop- 
mental Center will continue until facili- 
ties are completed at an Army depot 
plant leased by Boeing. 

The Bomarc is capable of climb- 
ing to 60,000 ft., cruising at Mach 2.5 
to a range of 250 miles, locking on 
with its target-seeking system and in 
tercepting with a nuclear warhead 
Bomarc bases probably will be located 
along the northern border of the 
United States, with heaviest concentra 
tion in the northeastern section for 
protection of dense industrial areas 

The missiles can be fired in salvo 
and direcied to intercept individual 
manned bombers or air-breathing 
missiles. 


Orval Cook Suggests 
NACA as Space Agency 


WASHINGTON, D.C Gen, Orval R 
Cook, president of Aircraft Industries 
Assn., has suggested that if a govern 
ment agency is needed to take responsi 
bility for accelerating U.S. efforts in 
space travel, the National Advisory 
Committee for Aeronautics, or a simi 
lar existing organization, could provide 
this direction 

He believes decisions not new 
agencies, are needed now. He told the 
Institute of the Aeronautical Sciences 
that staffing of any new agency would 
make serious inroads in the scarce and 
highly specialized scientific and en- 
gineering talents involved in the space 
flight program. The major bottlenecks 
in our efforts to penetrate the frontiers 
of space, he said, have been our ele- 
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IF IT HAS TO PERFORM IN STEEL-MELTING HEAT, 


IT ROKIDE* PROTECTION 





Now CDC offers another rocketry skill—Rokide heat-resistant spray 


ing. The basic Rokide materials applied by CD¢ 


the hardness of stainless steel, have a much higher 


approach five times 
meiting point, 


pansio.r 


and are far lower in thermal conductivity and ex; 

You'll find broad experience in every phase of military and 
aero-physical rocket systems at CDC. Here, under one roof, is proved 
ability in design, development, instrumentation, fabrication, field 
testing and data evaluation. CDC, with its strong record of achieve- 
ment in the ASP, WASP, LOKI and other major programs, has the 


know-how to do yowr job successfully, on time, within your budget. 


Write for detailed information on CDC 
clentific and 


etry systems and electronic components for 


applications. 


Per cL rae EN CT GS OC Rx 


road, monrovia, california 
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Complete Line 


Meet MIL-E-5272/ 
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NO. PHASES | CAPACITOR TYPE 
VOLTAGE SPEED CURRENT WATTS OUTPUT WEIGHT 
. wurree (RPM) (MFD) = AMPERES | = INPUT NUMBER 
5 400 1 10,000 .05 035 4.0 0.112 oz. in. 2.0 Oz. Suva 10-A 
a eee at 6000 rpm i | __| _ 8104-02 
10 15 400 1 11,000 None oss | 7.5 .096 ot. in. 3.5 Oz wees 10-A 
; te! (Shaded Pole) os we __ at 7000 rpm hee _ 8101-01 
W 115 400 1 12,000 0.1 .070 8.0 08 ox. in. 4.0 Ox. | wees 11-A 
| Synch at 12,000 rpm 8110-01 
— } a - a — . = — 
| 0.10 oz. in. | 
| a 115 300 1800 1 10,000 0.5 .060 8.0 ot 9000 rpm 5.0 Ox ‘is 11-A 
(400 CPS) | (in Parallel) | (400 CPS) (400 CPS) (400 CPS) | 8223-01 
— _ - —————_ —>—— ———$_—_—_—_—— —_————— + ——_— — - 
iB 115 400 1 60 0.1 .070 8.0 12 oz. in. 7.75 Ox. 200:1 11-k 
Synch at 60 rpm | 9003-02 
~ a — EE ———————— Eee = —— — 7 —_ : - 
iB 26 400 1 30 2.0 0.35 8.0 14.5 ox. in. 5.5 Ox. 195:1 | 11-8 
| Synch : ; 5 he | @t30rpm J a | 9052-01 
r 15 115 00 1 6,000 0.3 0.138 | 15.6 0.14 ox. in. 8 Ox. , 15-A 
| Synch at 6,000 rpm | 8120-01 
— SS Se ee Coe = a ose - - em. 
18 115 1 12,000 0.35 0.148 14.7 0.41 ox. in. 8 Ox. : 18-A 
pale | I “Synch y | at 12,000 rpm _| | __ 8125-01 
18 15 400 1 7600 0.6 0.45 45 2.45 ot. in. 24 Ox. 18-A 
| ot 6800 rpm 8126-01 
+ ’ — —_—_?> — == ——_—_—__—_——__—_}— + —_—_—— — — ; > 
18 15 60 1 8.5 1.0 0.17 17.5 30 oz. in. | 20 Ox. | 405:1 18-R 
oa | PEE OAR te ; ae i ae — eRe Le. __ at 8 rpm | 9302-01 
18 115 60 ! 6.0 1.0 0.177 17.8 40 or. in. 20 Ox. 565:1 18-R 
| ot 5.75 rpm 9302-02 
pa ~ 2 re oe _ $$$ _ 4 + + _ 
21 15 400 1 22,000 1.0 0.75 80.0 1 oz. in. 18.5 Ox. : 21-A 
at 20,000 rpm 8142-01 
- — . a ee oe + 
24 1 11,800 1.5 | 0.85 130.0 6.17 ox. in. 29 Ox. abed 24-A 
se re ¥e | __at 10,800 rpm an oe Fl 
24 1 20,000 None | 1.2 175 8.9 ox. in. 28 Ox. er | 24-U 
ee Required | _ at 7,500 rpm 8826 02 
24 1 78 4.0 | 1.65 175 1530 oz. in. 3 Lbs. 1528:1 24-R® 
_ ana <a" Ee at 72 rpm | __| 9452-02 — 
34 1 14,000 None 1.5 125 15 or. in. 3-3/4lbs. | 34-U 
fer Required = ll at 4500 rpm 8901-02 
34 1 1,780 3.75 0.45 50 12 ox. in. 4-3/4L bs. 34-A 
et 1700 rpm | 8044.01 




















Gear Trains Available 


with Many Types 


Dimensions from 15/16” to 2-3/8”. 


| RUNNING 












































Other products include servos, syn- 
chros, motor-gear-trains, resolvers, DC 
motors, servo mechanism assemblies, 
servo torque units, motor tachs, refer- 
ence and tachometer generators, actu- 
ators and motor driven blower and fan 
assemblies. 


Engineers For Advanced Projects: 
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e All motors are continuous duty except Type 24-U-8826-02. 
e —55°C to +85°C operating temperature range. 
e All motors can be modified to meet your precise specification. 


e For faster service, detail requirements when requesting further information. 


EASTERN OFFICE 


237 North Main Street 


Hempstead, |.! 


Phone 


TWX Hempstead N.Y. 705 


Ivanhoe 3-4653 





New York 


MANUFACTURING COMPANY 
Your Rotating Equipment Specialist 
Avionic Division 

Racine, Wisconsin 


WESTERN OFFICE 

5333 South Sepulveda Bivd 

Culver City, California 

Phones: EXmont 1-5742 + TExas 0-1194 
TWX S. Mon 7671 


Burton Browne Advertising 


Interesting, varied work on designing transistor circuits and servo 
mechanisms. Contact Mr. Robert Burns, Personnel Manager, 
in confidence. 








ment of timing, our downgrading of 
the urgency of the situation and the 
inability to move ahead at the national 
level and get the job done. 

Gen. Cook urged the United 
States to make maximum use of exist- 
ing organizations, expand them where 
necessary and give them authority to 
move ahead immediately. The aircraft 
industry, he said, has the capability to 
provide manned satellites, anti-missile 
missiles and moon rockets within a 
very few years. 

The AIA president is of the opin- 
ion that the basic commodity—a fly- 
ing vehicle—has remained constant 
since the first manned flight 54 years 
ago. He says only the proportion of 
effort to each of the basic components 
(airframe, guidance, powerplant) has 
changed. 


ABMA Trains AF 
Jupiter Personnel 


The initial class of the Strategic 
Air Command’s first Jupiter squadron 
has begun training at the Army Bal- 
listic Missile Agency. Col. William C. 
Erlenbusch, commanding officer of 
SAC’s 864th Strategic Missile Squad- 
ron, and key members of his staff ar- 
rived in Huntsville on January 15, It 
was the first contingent of Air Force 
personnel to begin training at the facil- 
ity in preparation for assuming opera- 
tional responsibility for the interme- 
diate-range weapon. 

The Air Force announced earlier 
this year that it expects to have the 
Jupiter in operational status late this 
year. The number of SAC personnel 
undergoing training at the north Ala- 
bama base is expected to increase as 
the agency becomes geared to handle 
the large number of trainees. The first 
class is expected to complete its train- 
ing sometime in August and be ready 
to take the missile over completely. 


Stauffer. Aerojet Join 
to Produce Boron Fuels 


Aerojet-General Corp. and Stauffer 
Chemical Co. have announced a joint 
partnership agreement under which 
they will develop and produce boron- 
base fuels for rocket, missile and air- 
craft propulsion. 

Initially, the major operation of 
the partnership will be investigation of 
manufacturing methods for high- 
energy fuels. Administrative head- 
quarters will be located at Aerojet 
offices in Azusa, Calif. 

Aerojet’s background in boron 
fuel development, dating back to the 
early 1940s, will combine’ with 
Stauffer’s experience in the basic boron 
raw materials and manufacture of 
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b Couch balanced-armature rotary relays 
| ase withstand 20G vibration, 75G shock 
’ —s 
r] Answers your dry-circuit switching 
! 

problems too. Our bulletin 7132 tells 


you more. Write to-day. 


ORDNANCE INC. 


A Subsidiary of S$. H. Couch Co., Inc. 
3 Arlington Street North Quincy, Mass. 
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WIRES 


for many different applications 


Continuous electroplating methods permit 
coating of many metals on to wire (or rib- 
bon) in specified thicknesses of plate . . . This 
very flexible operation makes it possible 
yt to designate a desirable base or precious 
Mov metal with a coating of another metal for 
its own particular characteristics. In our 
laboratory Tungsten wire as small as 
00015” has been electroplated with Gold. 
. New combinations of plating on wire are 
being developed by our research staff from 
time to time. Your inquiry is invited. 


Consult us, without obligation, about 
your specific wire problems. e 
“ 


AY ff 


2 


SIGMUND COHN mec. co., we. 


121 SO. COLUMBUS AVE., MOUNT VERNON, N. Y 
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PRECISION 


Bring your tube fabricating problems to us for 
a solution. Our forty-seven years of 
experience are at your service. 


Our engineers can help from the standpoint 
of design simplification or use of 
materials for your particular problem. 


Bending of course is our basic operation. After 
bending, all necessary secondary operations 

can be performed right up through brazing or welding 
as a final assembly. All processes such 

as welding, surface treatment, heat treatment, 

x-ray, etc. are government certified. 






Send for our latest catalogue which in- 
cludes a list of bending dies available. 
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boron chemicals. Stauffer last year 
completed the country’s first large-scale 
plant for manufacture of boron tri- 
chloride, an intermediate in the pro- 
duction of boron fuels. Its West End 
Chemical Division holds a _ Federal 
lease on about one-third of the boron 
mineral deposits at Searles Lake, Calif. 


Products Research Co. 
Creates New Divisions 


Three new divisions have been 
formed by Products Research Co., a 
synthetic rubber firm. The new groups 
have been set up to serve different 
segments of industry and handle the 
increased demand for synthetic rubber 
compounds. The Industrial Division 
will serve the architectural, electronic 
and industrial concerns, while the Air- 
craft and Missile Division and the 
Marine Division will serve appropriate 
segments of industry. 


Senators Hear Plea 
for Titan Production 


The Titan ICBM should be or 
dered into production immediately to 
take advantage of the progress made 
to date. This was the view expressed 
by George M. Bunker, chairman of 
the board and chief executive officer 
of The Martin Co., at a recent Senate 
subcommittee hearing. 

Bunker also urged that the United 
States “move full speed ahead into the 
full development of a program to take 
us into outer space.” 

Bunker was quoted as telling the 
Senate Preparedness Subcommittee that 
the Titan had proceeded very rapidly 
in its development stage but that he 
had been trying unsuccessfully for six 
months to get a production decision. 

Sen. John Stennis, the subcom- 
mittee’s vice chairman, in relaying the 
testimony later, said he was “surprised” 
that there had been no speedup in 
orders in the last three months, 

The subcommittee also heard a 
report by George Trimble, head of 
engineering at Martin, on the Vanguard 
satellite’s launching vehicle. 


Third Redstone Unit 
Activated This Month 


The Army’s third operational Red- 
stone unit, the 2d Battalion of the 333d 
Field Artillery, was activated at Fort 
Sill, Okla., February 1. 

Activation of the 2d Battalion will 
be the initial step in the formation of 
another field artillery missile group 
(heavy) employing the Redstone mis- 
sile. Forming the headquarters of the 
new missile group will be Headquarters 
and Headquarters Battery, 46th Field 


missiles and rockets 





Artillery Group, which is scheduled to 
move from Fort Bliss, Tex., to Fort 
Sill in late March. 

When fully organized, the Red- 
stone missile group will contain ap- 
proximately 600 men and will include 
ordnance and engineer units as well as 
the basic missile unit. The Army acti- 
vated its first Redstone group, the 40th 
Field Artillery Missile Group (heavy) 
in July 1957, at Redstone Arsenal, 
Huntsville, Ala. A second Redstone 
battalion, the 4th of the 333d Field 
Artillery, was activated at Fort Sill 
on Oct. 1, 1957. 


Pentagon Tightens Reins 
On Industry Advertising 


A new policy of closer review of 
industrial advertisements that features a 
military theme or a military product 
has been announced by the Pentagon. 
In making the announcement, the De- 
fense Departmet cited excerpts from an 
Air Force regulation, 190-14, “Indus- 
trial Relations.” 

Points stressed in this regulation 


included: industrial advertising must 
not contain classified information, 
must be factually accurate, must 


not discredit the Air Force or state or 
imply AF endorsement of the product 
and must not contain AF specifications, 
test results and other data. The an- 
nouncement noted that doubtful adver- 
tisements could be cleared through the 
director of information services. Ads 
and releases must be submitted in quad- 
ruplicate. 


Sweden’s Jindiviks Slated 
for Use in Missile Tests 


Svensk Flygtjanst, the Swedish 
contract operator specializing in target 
flying for the Swedish Armed Forces, 
will also be responsible for operating 
the Swedish Air Force’s fleet of Jin- 
divik jet target aircraft. The Jindiviks 
reportedly will be based mainly in 
northern Sweden where they will be 
used for tests with new Swedish-de- 
veloped SAMs and AAMs. 


Schriever Testimony 
Reveals Atlas-Thor Costs 


Maj. Gen. Bernard A. Schriever, 
chief, Air Force Ballistic Missile Di- 
vision, ARDC, revealed in testimony 
before the Senate Preparedness Sub- 
committee the prices of the Air Force’s 
production versions of the ICBM Avflas 
and the IRBM Thor. 

Less launching and ground-han- 
dling equipment, the Atlas as an “as- 
sembly-line” item will cost $1.5 million 
each. This figure does not include the 
warhead. The equivalent figure for 
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WE HAVE 
FOR 


YOU: ‘onan 


DEMONSTRATION EQUATIONS 





SOLVED BY 


“THE ENGINEER'S 
COMPUTER" 


LitTON Dicitat DIFFERENTIAL ANALYZERS are designed to solve, with a minimum 
of programming effort, those problems generally arising in the fields of engineering 
and mathematics. The remarkable insight you obtain with these accurate, versatile 
incremental computers is an experience reported to us again and again. /nsight into 
the problem stems partly from your own programming, partly from the continuous 
rapport you have with the problem as your uniquely personal mathematical tool 
solves for you. The Litton DDA plugs into any standard 110-volt outlet. You need 
only a few hours of coaching from us to grasp the programming for — 


near differential equa 
containing transcendenta 


Solution of linear and r 
tions including those 
functions. 

Solution of algebraic and differential equations in 
complex variables, including conformal mapping 
Simulation of non-linear dynamical systems 
Generation of any standard algebraic, trigono 
metric, or inverse trigonometric function 


Generation of the special functions of mathe 
matical physics which can be expressed as solu 
tions of differential equations These include the 


Jacobi Elliptic Functions, Sturm-Liouville Equa 
tion, Hypergeometric Function, and Legendre 
Functions 
Performance of logical switching functions, such 
as introduction of step functions, ramp tunctions, 
limiting, and mode of operation switching 
Multiplication and division of variables, etc., etc 
CAPACITY: Model 20— 20 Digital! integrator 
Model 40— 40 Digital Integrator 
ACCURACY: Up to 1 part in 2" (to 5 de s/s) 
COST: Model 20, $12,800 — Mode! 40, $16.80 


LITTON INDUSTRIES 


ELECTRONIC EQUIPMENTS DIVISION 
336 North Foothill Road + Beverly Hills, California 


LITTON 20 & LITTON 40 DIGITAL DIFFERENTIAL ANALYZER 
LITTON PAPER TAPE PUNCH/READER 


PLOTTER/ FOLLOWER 


LITTON GRAPH PLOTTER LITTON GRAPH 


LITTON DIGITAL TO ANALOG CONVERTER 

















a = 
| | 
| Please send me, without obligation, specifications on the Litton | 
| 20 & 40 DDA s, plus a tabulation of 55 demonstration equations 
; SEND 
| Name | 
| COUPON | 
Company 
TODAY! Street —— | 
| 
| City Zone State | 
l MR-3 | 
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size of electronic 
cooling coils GO”. 


Size Comparison, Inner-Fin Coil and Standard Coil 


INNER-FIN coils have proven the answer to the ever- 


present space problem in aircraft and electronic cooling equip- 
ment. Dunham-Bush engineers effected a 60% savings in coil 
size in an electronic cooling unit. Maintaining the same air and 
oil pressure drop through the coil, an Inner-Fin coil equivalent 
in capacity to a standard finned tube coil occupied 60% less 
space. 

Whether your problem is aircraft cooling, electronic equip- 
ment cooling or any phase of aero-electronic heat transfer, 
you'll find Dunham-Bush engineers ready to assist you. 

Write for free brochure “Inner-Fin . Miracle Heat 
Transfer Surface.” 

Brunner semi-hermetic (or open type) condensing units offer 
the finest in refrigeration. Available in Y% HP through 7/2 HP 
in semi-hermetics and Y% HP through 
100 HP in open type. 


Brunner-Metic Condensing Units 
Va HP Through 72 HP 








AIR CONDITIONING «¢ REFRIGERATION 
HEATING © WHEAT TRANSFER 


DUNHAM-BUSH 


Dunham-Bush, Inc. 
WEST HARTFORD 10, e CONNECTICUT, e U.S.A. 
SALES OFFICES LOCATED IN PRINCIPAL CITIES 
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Thor is $750,000. Atlas prime systems 
and production contract is held by the 
Convair Division of General Dynamics 
Corp. Douglas Aircraft makes Thor. 

Gen. Schriever also revealed that 
the peak re-entry of the Thor is 15,000 
feet per second. 


Sputnik If Data 








OUTSIDE FACTORS 
THAT INFLUENCED LAIKA 
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BODY FUNCTIONS 
WHICH WERE REGISTERED 








SPUTNIK’S RADIO 
TRANSMITTER 








RADIO RECEIVER 
ON THE GROUND 











REGISTRATION INSTRUMENTS 














Diagram of medical and biological data 

sent by SPUTNIK II's transmitter shows in 

fluences of cosmic rays (CR), solar radia- 

tion (SR), and gravity zero (GO) on Laika's 

respiration (R), cardiac activity (C) and 

blood pressure (B) during the period of 
her life in orbit, 
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Engineering problem: 


Pressure-tight fastening of transit cases 


The solution: 


A specially modified 


Applied Design Company 
engineers worked with 

Simmons to develop this successful 
LINK-LOCK application 


Simmons LINK-LOCK, with design modifica- 
tions developed in cooperation with the Engi- 
neering Department of Applied Design Com- 
pany, Buffalo, New York, resolves special 
closure requirements in rigidly specified transit 
cases like the aluminum equipment container 
shown. 


Here, the bowed LINK-LOCK engagement 
blade provides the double advantage of main- 
taining constant fastener pressure and permit- 
ting considerable mounting tolerance. This con- 
tainer is just one of many important products 
in which Applied Design specifies standard and 
special Simmons Fasteners. 


Here’s why LINK-LOCK is ideal for use on 
military cases produced to exacting specifica- 
tions as well as on inexpensive commercial con- 
tainers: 


e Impact and shock resistant (positive-locking) . 

e High closing pressure with light operating 
torque...insures pressure-tight seals where 
required. 

e Available in 3 sizes, for heavy, medium, and 
light duty. 

e Compact design...lies flat against case even 
when unlocked. 

e Opening and closing by wing-nut, screwhead, 
or hex nut. 

e Flexible engagement latch design...can be 
varied to suit different conditions. 


Also available: Spring-Loaded LINK-LOCK. 
Ideal for the less expensive containers where 
costs won’t permit precision production. Spring 
provides take-up to compensate for set in gas- 
keting, irregularities of sealing surfaces, and 
mounting inaccuracies. 


SEND TODAY for the Simmons Catalog for 
complete information and engineering data on 
LINK-LOCK and other Simmons Industrial 
Fasteners. Engineering service is available; out- 
line your particular fastening problems. Sam- 
ples on request. 
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LINK-LOCK 





Twelve special loop-blade LINK-LOCK fasteners are used in this 
aluminum transit case designed by Applied Design Company. 





Standard No. 2 LINK-LOCK (Medium-Duty). Available with screw- 


head, wing-nut as shown, or hex nut. 


SIMNONS 


FASTENER CORPORATION 
1791 North Broadway, Albany 1, New York 


QUICK-LOCK . SPRING-LOCK . ROTO-LOCK . LINK-LOCK - DUAL-LOCK . HINGE-LOCK 
See our 8 page catalog in Sweet's 1958 Product Design File 


Circle No. 86 on Subscriber Service Card. 167 



















MEU am WIth little or no machining 











Today you can purchase precision flash butt-welded 
rings that require little or no machining to meet your 
specifications. Made from bar stock of finished gauge, 
they can be produced to meet the same tolerances as 
conventionally machined rings. Cost of production and 
materials of some rings has been reduced as much as 
60%. Sizes and materials at present are limited to those 
bar stocks which can be furnished to precise finished 
dimensions. However, persistent efforts of American 
Welding engineers and the producers of finished bars 
give promise of a widening range of sizes and metals 


cc 


that can be manufactured by precision forming and 
welding. C 


f 


This is another example of why you should call American 
Welding first — if the problem is circular and of metal. 


FIDCT 





New Products Catalog 


Write today for 20-page catalog 
of circular products which 
American Welding can form, 
weld and machine for you. 





AMERICAN WELDING 





THE AMERICAN WELDING & MANUFACTURING CO. 


554 DIETZ ROAD . WARREN, OHIO 
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Criticism is Keynote 


Criticism of industry by the mili- 
tary, and vice versa, marked the Elec- 
ronic Industries Association’s recent 
conference on  Méaintainability of 
Electronic Equipment in Los Angeles, 
Calif. 

However, if one problem in 
maintainability is “a lack of communi- 
cation between the manufacturer and 
the customer,” as asserted by several 
speakers, the difficulty should have 
been reduced considerably during the 
two-day session. 

In the keynote speech, E. J. En- 
goron, representing the Office of the 
Assistant Secretary of Defense—En- 
gineering, posed the services’ problem 
of personnel, declaring that electronic 
maintenance must be “reduced to a 
design for the human actually doing 
the work, not the ones we'd like to 
have doing it. 

“Out of all the electronic techni- 
cians in the service, 55 out of 100 
are high school graduates, three out 
of 100 are college graduates,” he said. 

Designed-in maintainability is the 
only solution, he continued, noting 
that the military cannot achieve proper 
maintenance with in-service training 
since only 16 out of 100 electronic 
technicians reenlist. 

“The DOD has a high stake in 


this work,” he concluded. “The selec- 


of EIA Conference 


tion of a weapon over its competition 
may be based on its reliability and 
maintainability in relation to its capa- 
bilities. This philosophy will have a 
definite influence in future procure- 
ment.” 

Also commenting on the subject 
of personnel, Brig. Gen. James Jack- 
son, Deputy Commander of the San 
Bernardino Air Materiel Area, said 
that the technician is part of a “com- 
posite customer” and should not be 
made a “whipping boy” for the manu- 
facturer’s gripes on maintainability. 

On the other hand, C. F. Horne, 
division manager of Convair-Pomona, 
noted that with the increased com- 
plexity of electronic equipment, “a 
screwdriver in the hands of an enlisted 
man is as good as a Russian bomb.” 
He added that the problem of main- 
tainability can be considerably reduced 
by use of “go, no-go” type tests. 

In answer to a question by Navy 
Capt. W. E. Sweeney, director of 
BuAer’s avionics division, concerning 
the varying degrees of effort in in- 
dustry’s quality control programs, 
Horne replied that management was 
still learning. 

“Quality control must be in the 
hands of a top-flight man,” he as- 
serted, “not an old inspector,” adding 
that quality control chiefs should not 


Northrop’s Snark Assembly Line in Operation 
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SNARK fuselage sections in various stages of fabrication move along assembly line at 
Northrop's Hawthorne, Calif., plant. First SNARKs will be based at Presque Isle, Maine. 
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Diameter: 5.3”, Length: 7.0", Weight: 4.5 
ibs. Shock resistance while recording - 
250 a's axially; 50 g's transversely 
Ultimate shock without damage — 1200 g's 
Miniature tape recorder mode! MR-52 is de- 
signed for acquiring essential instrument 
data in guided missiles, rockets, torpedos, 
aircraft, as well as commercial applications 
in oil and chemical processing industries. 
Tape capacity is up to 10 times that of 
smaller units, providing longer running times 
at higher tape speeds, and permitting higher 
frequency response 
Mode! 52 is a 7 track recorder with built-in 
transistorized timing oscillator. Carrier 
erase, FM carrier, and direct AM recording 
systems may be employed. Standard tape 
speed is 15 ips or special tape speeds may be 
obtained upon request. Write for Bulletin 
Northam Engineering facilities are available 
| to assist you in any application problems. 


NORTHAM ELECTRONICS, INC. 
2420 N. Lake Ave., Altadena, Calif 


| 
| A REMARKABLE UNIT 
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SALES ENGINEERS 
VICKERS INCORPORATED 


fhe expanding Aero Hydraulics Di- 
vision of Vickers Incorporated offers 
the following sales positions in the 


suburban plants of Torrance, Cali- 
fornia and Detroit, Michigan 
Missile Specialist 

Engineering degree—Age 28-45 


Five to ten years experience with 
missiles or missile systems in 
the engineering or sales field. 


General Sales Engineers 


Engineering degree—Age 28-40 
Sales experience with prime air- 
craft and airframe companies 


Power Plant Specialist 


Engineering degree—Age 28-40 
Gas turbine engine engineering 
or related accessories experience 


Sales Coordinating 





Engineers 
Elect’l. or Mech, Engineering 
degree. Age 20-27. Sales and/or 


engineering experience desirable 
Six months to one year training 
status with possible relocation 
after completion 


Vickers Incorporated 


Administrative & Engineering 
Center 


P. O. Box 302 
DETROIT 32, MICHIGAN 


Address replies to: 
R. E. Barlow, Manager of Employment 
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report to engineering or production 
divisions, but must be responsible to 
and backed up by “top men in the 
plant.” 

A quality control system depends 
upon a lot of things, Horne continued, 
but for the proper results a quality 
attitude must be present in engineer- 
ing and production. 

Col. G. G. Getz, chief, elec- 
tronics-communications division, Di- 
rectorate of Maintenance Engineer- 
ing, Hq-USAF, admitted that the 
military agencies have “practices, pro- 
cedures and red tape that must be 


modified, revised or eliminated.” 

Concerning maintainability, Col. 
Getz said the tendency to waive con- 
current delivery of spare parts in order 
to put a piece of equipment into use 
as soon as possible creates a difficult 
maintenance situation. 

“In some _ cases,” he _ noted, 
“spare parts never catch up with the 
equipment.” 

Several speakers from _ industry 
complained about the lack of rigid, 
sufficiently detailed specifications from 
the military as to exactly what the 
services wanted in electronic equipment. 


—_ — ! 





QUALITY 
CONTROL 


When close tolerances are 








demanded in Missile Components, 
we can achieve this in... 
prototype work, 


in production 


and in assembly. 





SURFINDICATOR 
Electronically 
measures surfaces 
in microinches 





OPTICAL COMPARATOR 
Greatly magnifies parts 


HARDNESS TESTER 
Used on all metals 


Inspection is at machine operation level—every hour with 
records kept for final report. Our vigilant program of Quality 
Control by highly trained experts includes use of air gages | 
and other modern techniques . . . a distinctive service which 
gives Screw Products Corporation leadership in high-precision 
production. 


Order your automatic and prototype parts where you 
get real efficiency, economy and personal service. 


SCREW PRODUCTS 


mm Corporation of America 
“Largest and best equipped screw machine plant in the West"’ 
5211 SOUTHERN AVE., SOUTH GATE, CALIF. * TEL. LOrain 6-5141 
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In reply, Col. Getz said that if 


electronic industries could put the 
specifications on paper as they think 
they should be, the military would 
see that they are put into bids and 
contracts. 

The AF officer also said that 
he believed it was up to industry to 
develop its products on its own, not 
“stick us with a two-year contract for 
field service and maintenance plus 
parts.” 

Much discussion time was spent 
on when and how maintainability 
should be designed into a piece of 
electronic equipment. 

“We don’t necessarily build main- 
tainability in,” said J. D. McLean 
president of Hoffman Laboratories, Inc 
“It is generally neglected until it is 
almost too late to correct the damage 
To do a good job, we must consider 
both maintainability and _ reliability 
in the basic [equipment] concept. 

“But industry has a problem,” he 
added. “With competition as it is, we 
have neither the time nor the dollars 
to do the job on the schedule required.” 

Asked if the military had con- 
sidered maintainability problems in 
planning, Col. L. M. Reiser, chief of 
the Army’s Signal Corps maintenance 
and engineering, said it had. 

“We are depending upon the 
civilian technician for support until 
we freeze the design for production 
and train our people,” he declared. 

R. J. Shank, vice president, en- 
gineering, Hughes Aircraft Co., ques- 
tioned the possibility of “freezing,” 
but Col. Reiser said that in case of 
war, the design would be frozen so 
production could go ahead. 

Gen. Jackson commented that 
“standardization must be avoided ex- 
cept for production blocks, as progress 
stops with standardization. The sky’s 
the limit on design changes.” 

When asked by McLean if the 
services felt that they were getting 
more maintainable equipment by em- 
phasis on a weapons system concept, 
Col. Getz said he felt they were. 

“But it all depends on whether 
it does the job or not,” he added. “We 
are not developing the capacity to 
handle the package completely. We 
might want to take it someplace the 
contractor can’t go—what do we do 
then, put the contractor in uniform?” 

The economics of a “throwaway” 
concept of maintenance came in for 
considerable discussion, but all were 
agreed that further investigation is 
called for in this field. 

B. B. Troussoff of Bell Tele 
phone Laboratories said that in the 
development of the Nike-Ajax system 
five years ago, the throwaway con 
cept could not be considered, bu! 
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“we might think differently today.” 
However, he noted that the economics 
of this principle have not been investi- 
gated since the original Nike system 
was constructed. 

Army missile systems came in 
for additional comment from C. I. 
Cummings, chief of systems engineer- 
ing division at Cal Tech’s Jet Pro- 
pulsion Laboratories. Cummings said 
that the Nike-Ajax was “crashed into 
production before feasibility could be 
resolved.” 

“Personnel were so fascinated by 
the technical aspect,” he said, “that 
they did not familiarize themselves 
with the system.” 

Cummings also expressed the 
opinion that the manufacturers were 
misleading Army Ordnance in some 
respects as to the maintainability of 
a system. 





He said the Army is closely ex- | 


amining the maintenance and supply 
aspects of missile and electronics sys- 


tems in general for incorporation in | 
a complete logistics system such as | 


MAMS (Modern Army Maintenance 
System) and MASS (Modern Army 


Supply System). It may be possible | 


to replace maintenance with supply in 
the throwaway concept if a satisfactory 
division of assemblies or a piece/part 
system is worked out at a realistic 
cost. 

The conference brought forth 
some fairly sharp opinions from both 
the military services and _ industry, 
but, in general, most of those attend- 
ing expressed the opinion that the 
“off-the-chest” remarks provoked some 
serious thinking on problems of main- 
taining modern, ultracomplex  elec- 
tronic equipment. 


Boeing Delivers 


Production Bomarc 

The first production model of 
the Bomarc IM-99 missile has rolled 
off the assembly line in Seattle seven 


months after the awarding of a $7- | 
million contract for tooling-up opera- | 


tions. An inventory production con- 
tract for $139.3 million was awarded 
Boeing last August. 

The first firing of a Bomarc was 
made from Cape Canaveral on Sep- 
tember 10, 1952. This flight was far 
from successful. The missile performed 
a double loop about a hundred feet 
in the air and crashed to earth a few 
feet from the launching pad. In a 
recent test a Bomarc intercepted and 
destroyed a target drone at a range 
of more than 100 miles and at an 
altitude of more than 60,000 feet. 

The delivery of the first produc- 
tion model marked the beginning of 
a program designed to supply the mis- 
siles and associated weapon system 
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Edgewater Steel Company 








Uniform, dependable, accurately made Edgewater Rings 
are furnished in a wide variety of cross-section shapes, 
and in diameters from 5 to 145 inches. They meet the 
most critical specifications and standards of quality. 

Representative applications include bearing races, jet 
engine parts, parts for missiles and rockets, gears, grind 
ing rings. 
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P.O. Box 478 « PITTSBURGH 30, PENNA. 
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Ideas for your Engineering File 


CZZD MAGNETIC TRANSDUCERS 


C) A precise way to solve 
your speed measurement problems... 
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MAGNET *Electro Pickup Components 











PROBLEM: to measure turbine speeds 
up to 100,000 rpm 





SOLUTION: 


& a Locate Magnetic Pickup adjacent to 

the teeth of any convenient gear used 
in the machine—or add a small bit 
of magnetic material to a non- 
magnetic rotor. 


b Feed output of Magnetic Pickup di- 
rectly to electronic counter. Set 
counter to count for a suitable time— 
such as | second (1/60 minute ). 








RPM — Displayed count + pulses per rev. (no. of teeth) Va"'-40 Mounting Threads 
oe, counting time (minutes) 0.14 oz. 
Accuracy depends on three factors: Use fo Actuate, 
A f th Provide Telemeter- 
1 Accuracy o e counter ing Data, Indicate, 
(usually + 1 digit). Control, 
2 Length of counting time. Syachroniee 
Electronic counters 
3 Number of pulses per revolution. Relays 
Missiles 
Example: Motion 
60 tooth gear providing 60 pulses per revolution ~ ol 
with a count of 1 sec. (1/60 min.) will produce an Torque 


accuracy of + 1 rpm at any speed. (counter reads 
rpm directly with this set-up). If counting time is 
increased to 10 sec. , accuracy will be + 1/10 rpm. 


ELECTRO PRODUCTS LABORATORIES 


4501-K N. Ravenswood Ave., Chicago 40, Ill., LOngbeach 1-1707 
Canada: Atlas Radio Ltd., Toronto 


Electric devices 
Mechanical operations 


Others 
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D.C. Power Proximity Speed and Displacement 
Supplies Pickups Sonometer Measurements 








172 


Circle No. 29 on Subscriber Service Card. 





| energy 





| 
| 











equipment to selected bases in the 
United States. The Air Force recently 
announced the acquisition of land for 
four Bomarc bases in the northeastern 
part of the United States and an op- 
erational testing and personnel train- 
ing base on Santa Rosa Island near 
Eglin AFB, Fila. First production 
Bomarcs will be delivered to the Santa 
Rosa base. The other sites will be 
located near McGuire AFB, N.J.; 
Suffolk County AFB, N.Y.; Dow 


AFB, Me., and Otis AFB, Mass. 





The first production BOMARC IM-99 surface- 
to-air missile is rolled from the assembly 
line in Seattle. The rollout marked the 
beginning of the AF area defense buildup. 


Thiokol & Callery 
Combine Solid Efforts 
Thiokol Chemical Corp. and Cal- 
lery Chemical Co. have combined their 
efforts for the production of high- 
solid-propellant powerplants. 
Callery will produce the solid fuel and 
Thiokol will develop the rocket motors. 
Callery recently announced the 
development of HiCal, a high-energy 
boron-based liquid fuel. This new fuel 
is currently being used in the develop- 


ment of new rocket propellants at 
Thiokol’s Elkton and Redstone di- 
visions. 


J. W. Crosby, President of Thio- 
kol, in announcing the working ar- 
rangement with Callery, said, “We feel 
that the greater energy possible from 
this type of fuel will help us to achieve 
a rocket motor of, greatly improved 
performance with lower weight and 
greater power. Preliminary studies with 
this new fuel have been encouraging.” 

The HiCal fuel, in solid form, will 
be combined with oxidizers and used 
in the case-bonded rocket motor de- 
sign. Appreciable production of the 
new fuel may be a few months away 
Callery, while announcing plans to pro- 
duce HiCal, emphasized that pilot 
quantities of the fuel will not be avail- 
able for large-scale rocket tests until 
later this year. 

Callery recently formed a solid 
fuels group at the company’s Research 
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If your problem calls for 


| MISSILE GROUND SUPPORT 





Link’s Design, Engineering and Production Abilities 
Provide the Answer 


Link’s capabilities in the field of electronic ground 
support have been established through the actual de- 
sign and manufacture of precise electronic units de- 
livered to satisfied customers. 

Link’s production methods are geared to manu- 
facture electronic equipment to the most exacting 
specifications. Unique inspection techniques insure 
the highest standards of quality in every unit, large 
or small, that leaves Link’s modern plants. 

Alert management, experienced engineering and 
production personnel, and multiple research and de- 
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velopment facilities qualify Link to work for you. 
Link’s capabilities include the development and pro- 
duction of such diverse electronic equipment as: 

¢ Missile Training Equipment 

* Component Assemblies 

* Go-No-Go Test Equipment 


¢ Computers 
¢ Simulators 
* Optical Systems 


For complete information write or call Jack 
Ritchie, Engineering Sales, Binghamton 3-6311 
(Ext. 277). A brochure of our facilities is available 
on request. 


LINK AVIATION, INC. 


BINGHAMTON, NEW YORK 
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Unusual forging 
solves Falcon 
design problem! 


MISSILE BY HUGHES AIRCRAFT 


Upset Forging by Commercial Shearing! 


The JATO nozzle for the Hughes Falcon air-to-air guided missile 
presented some difficult metal forming problems. 

Hogging it out of a cylindrical blank would involve considerable 
machining time and wasted material. Commercial engineers work- 
ing with Hughes during the developmental stages of this missile 
produced an upset forging with a through-pierced hole of varying 
diameters involving tapers at both ends. The internal displacement 
method refines the grain and eliminates hidden flaws in the metal, 
assuring greater strength of the finished part. 

Tough, unusual and tricky metal forming problems are routine 
at Commercial, where experience is combined with facilities for 
metal forming—by Upset Forging, Heavy Stamping or Rotoforming. 

Commercial engineers have the experience and freedom to 
recommend the best method of meeting your problem—for short 
run or quantity production. They welcome the challenge of your 
missile production problem. Just send a sample blueprint or sketch 
of your problem part to The Commercial Shearing and Stamping 
Company, Dept. X-5, Youngstown 1, Ohio. 


SPECIALISTS IN THE 
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and Development Division, Callery, 
| Penna. Liquid HiCal will be produced 
at a $38-million Navy plant at Mus- 
kogee, Okla., and at the $4-million 
company-owned plant now under con- 
struction in Lawrence, Kansas. The 
Lawrence plant is expected to start 
limited production this spring and the 
Muskogee plant early in 1959. 


Dual Thrust Motors 
Now Under Development 


Conventional multistaged boosters 
and sustainers offer difficulties, says 
R. S. Newman of Aerojet-General 
Corp. The droppable booster is a haz- 
ard and ignition and separation have to 
be synchronized. The dual thrust motor 
is now under development and is said 
to eliminate these troubles. 

A current method uses one or 
two propellants in a single case to give 
different thrust levels. Work on a tan- 
dem motor, started in 1953, allows the 
sustainer propellant to fire directly into 
the booster case. The pressure and, 
hence, thrust are increased. A novel 
method eliminates the higher pressure 
of the tandem motor by the use of a 
blast tube and separate nozzle. 

Configuration similar to these de- 
scribed may be slated for use in a 
version of the Polaris prototype missile. 








_Lockheed Polaris Funds 
May Double in ’58 


Anticipated contract awards, de- 
signed to accelerate the Polaris fleet 
ballistic missile program, are expected 
to bring the Navy funds allocated to 
Lockheed’s Missile System Division to 
approximately $130 million. 

This figure will include original 
funds allocated for the initial research 
and development of the project, $62.1 
million for fiscal year 1958 awarded 
| last October, and the newly planned 
| contracts. Also included is money des- 
tined for distribution to subcontractors. 
The additional funds will nearly double 
the amount of 1958 fiscal year funds 
available to Lockheed for expediting 
development of the Polaris. 

The initial impact of the increase 
would be felt in technical areas with 
a resultant advancing of all dates in all 
areas of the mnissile’s development 
| Missile development is being per- 
| formed at the research, development 
| and production facilities at Sunnyvale 
| and Palo Alto, Calif., at testing facili- 

ties in the Santa Cruz Mountains, and 
| at Cape Canaveral, Fla. 

Lockheed, in addition to being 
missile system manager and developer 
of the Polaris, is providing manage- 
ment for the testing phase, and con- 
ducting a Navy training program. 
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NAA & Phillips to Form 
Rocket Motor Firm ~ 


Astrodyne, Inc., a new company 
to specialize in the missile solid-pro- 
pellant rocket motor field, will be 
formed by North American Aviation 
and Phillips Petroleum. The company 
will be jointly owned by Phillips and 
NAA and will unite their activities in 
the research, development and manu- 
facture of high-energy solid fuels, pro- 
pellants and devices for use in rocket 
motors and missile systems. 

Astrodyne, Inc., will locate its 
headquarters and operations at AF 
Plant 66 near McGregor, Texas. The 
Phillips plant has been in operation 
since 1952 conducting solid-propellant 
research, development and manufac- 
turing. JATO solid-propellant motors 
are currently being produced at the 
plant, which employs about 900 people. 
The completion of some of Phillips’ 
contracts with the Air Force is ex- 
pected to result in a temporary slacken- 
ing of operations at Plant 66. Accord- 
ing to company officials, this situa- 
tion will exist only until the Astrodyne 
plant has started operations. 


Cosmic Rays No Problem, 
Swiss Professor Claims 


Cosmic rays will not be a prob- 
lem in space travel, according to Dr. 
Frederic Houtermans, head of the 
physics department at the University 
of Bern, Switzerland. 

Lecturing on geochemistry at the 
California Institute of Technology, 
the Swiss physicist stated that space 
voyagers will be subject to radiation 
doses well within the recently revised 
AEC limits of not more than 15 rems 
per year. 

He pointed out, however, that 
cosmic rays may reach a dangerous 
intensity during sun flares, but the 
cyclic frequency of such flares poses 
no serious problems. 

Basing his findings on methods 
he and his colleagues use to study 
the effects of cosmic ray bombard- 
ment of meteorites, Dr. Houtermans 
estimates cosmic radiation in outer 
space by measuring the radioactivity 
of tritium in meteorites through a 
thermoluminescence process. 


As a result of the studies, he said, 
there is some indication that a satel- 
lite re-entry problem might be solved 
by enclosing the vehicle in a light- 
weight material that would burn off 
during the fall to earth. 

He cited the temperature increase 
of a meteorite “skin” as only 392°F 
during its descent through the atmos- 
phere. 
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RESEARCH and PRODUCTION FACILITIES 


for Electrical Power Systems 
to meet Military Specifications 


Motoresearch electrical equipment and power systems are de- 
signed and produced to meet unusual requirements. Our facilities 
include original development, production to existing design and 
the ability to modify for specific application. 


Typical Motoresearch equipment is illustrated. Direct current 
Power Supply is a component of Air Force Ground Control 
Approach System. A requirement for very close regulation under 
extreme conditions prompted the development. High Frequency 
Motor shown is for turret fire control. It develops 42 HP and 
weighs 2.5 pounds. Engine Generator is a self-sufficient 400 cycle 
power unit for Military application. Similar equipment includes 
Motor Generators, Control Units, and Geared Induction Motors. 


Send us detailed specifications and schedule quantity needs for 
your weapon system or related application. We will appreciate 
the opportunity to offer a proposal for your consideration. 


floneSEARCH CompAn 


1600 JUNCTION AVENUE, RACINE, WISCONSIN 


Gearmotors and 
wes Set Special Electrical Equipment anugacturenrd 
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AAS Holds Largest U.S. Space Meeting 


Forty original technical papers on 
various aspects of space flight were pre- 
sented at the three-day annual meeting 
of the American Astronautical Society 
last month. Held January 28 to 31 at 
the Engineering Societies Bldg., New 
York City, this meeting was the largest 
such U.S. presentation on astronautical 
matters ever held. 

There were six technical sessions 
co-chaired by such well known astro- 
nautical personalities as Col. Paul A. 
Campbell (MC), USAF; Mr. Robert 
P. Haviland (MOSD, General Elec- 
tric); and Mr. William C. House (Aero- 
jet-General). 

Subject coverage ranged from 
space-medical and cabin-environmental 
problems to propulsion, guidance, com- 
munication, attitude control, flight 
paths and navigation in space. 


Among the papers presented were 
“Returning Alive from Space,” by F. 
Riddell and R. Detra, Avco Research 
Lab.; “Hydrogen Peroxide as a Source 
for Oxygen, Water, Heat and Power 
for Space Travel,” by Noah S. Davis, 
Food Machinery & Chemical Corp.; 
“Problems of the Environment of 
Space Ship Occupancy,” by William T. 
Ingram, New York University, College 


of Engineering. 
Others included “Isolation and 
Confinement in Space Flight,” by Capt. 


G. E. Ruff (MC), USAF; Capt. E. Z. 
Levy (MC), USAF, and Capt. V. H. 
Thaler (MC), USAF: “The Selection 
and Training of a Bio-Satellite Crew,” 
by D. W. Conover, E. G. Aiken and 
G. M. Whitlock, Convair-San Diego; 
“Space Cabin Design,” by A. M. Mayo, 
Douglas Aircraft Co.; “Beryllium Ap- 








WORRIED ABOUT 
PRECISION PIVOTS? 


Call K 





Seeel, chromium plated, or carbide precision pivots to .013” 
diameter. 1 RMS or finer surface finish. Diameter tolerances to 
000010”. Chamfers, radii, lapped ends, etc. 
Also volume production lapping of flat or round production 
parts. 

Submit your specifications 


THE VAN KEUREN COMPANY 


176 BB WALTHAM STREET 
WATERTOWN, MASS. 
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plications in Thermo Structural De- 
sign,” by R. E. Foster and L. A. Rie- 
dinger, Lockheed Missile Systems Di- 
vision; “Plasma Motors,” by Winston 
H. Bostick, Stevens Institute of Tech- 
nology. 

Also presented were “A _ Solid- 
Propellant Propulsion Vehicle for Lunar 
Exploration,” by Frank A. Marion, Don 
F. Billhardt, Grand Central Rocket 
Co.; “Potential Application of Nuclear 
Energy to Space Vehicle Propulsion,” 
by C. J. Wang and G. W. Anthony, 
Ramo-Wooldridge Corp. 

Other prominent authors included 
Dr. Hubertus Strughold, USAF School 
of Aviation Medicine; Dr. Herman 
Schaefer, USNAS, Pensacola; Cmdr. 
George Hoover, USN; Dr. Angelo 
Miele, Purdue University; Jorgen Jen- 
sen, Martin Co., and Cmdr. Malcolm 
Ross, USN, ONR. 


Lukens Steel Press 
Forms Ballistic Cones 


Nose cones for the Atlas and Thor 
missiles are being formed by a large 
hydropress capable of exerting a force 
of up to four million pounds. 

Lukens Steel Co., subcontractor 
to General Electric’s missile and ord- 
nance systems department, is forming 


the rought nose cones from heavy 
steel plate with a four-post hydraulic 
press. 


This is a first disclosure on fabri- 
cation techniques employed in the nose 
cone program. The rough formed cone, 
as removed from the press, is probably 
machined to finish tolerances before 
the heat-resistant ceramics are applied 
The hydraulic-press technique of form- 
ing will be readily adaptable to a 
production schedule. GE's 


MOSD holds the Thor and Atlas nose 


cone development contract. 


A four-post hydraulic press at Lukens Stee! 
Company is shown in closed position during 
the shaping operation on the nose cones for 
the ATLAS and THOR long-range missiles. 
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BURNHAM, PENNSYLVANIA 


February, 1958 


Contour machining of an aft dome for a U.S. Army missile. 


FOR MISSILES HARDWARE... investigate our 


ingenuity and ability to produce in a hurry 


We have delivered aft dome rings, nozzles and 
Sustainer parts in time to meet the most exacting 
requirements for production and test firing. We 
won't promise in advance we can solve all your 
missiles hardware problems on a quick delivery 
basis. But we invite you to look into our unusual 
service. Standard Steel Works boasts the facilities 
to produce anything—forgings and rings from 


4130 aircraft quality analysis or special to-order 
analyses—in a hurry. 


Man is beginning to conquer outer space. Stand- 
ard is ready to play its part in this history-making 
achievement. We think you will find our combina- 
tion of personalized service and know-how unique 
in the steel industry. Write Dept. 6B. 


Standard Steel Works Division 


BALDWIN - LIMA’ 2 ARAILTON 


Rings * Shafts * Car wheels * Gear blanks * Flanges * Specia! shapes 
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Chrysler Hiring 4000 
For Jupiter Production 


The decision to place the Jupiter 
IRBM in production at Chrysler’s 
Warren, Mich., plant has created a 
demand for an accelerated personnel 
recruitment program in the Detroit 
area. Chrysler will add 4000 employees 
during 1958, at the rate of about 100 
a week, to work on the Redstone and 
Jupiter programs. 

The hiring program calls for about 
25 per cent qualified engineering per- 
sonnel, 40 per cent qualified technical 
personnel, with the remainder ranging 
from highly skilled to unskilled. Many 
of the latter will possibly be hired from 
the automotive industry personnel cur- 
rently unemployed in the Detroit area 
as a result of a major layoff. 


Rocketdyne Reveals 
Its Redstone Engine 


CANOGA PARK, Calif.—The Rocket- 
dyne division of North American Avia- 
tion, Inc., has shown off its Redstone 
rocket engine. The single-chambered 
engine delivers over 75,000 pounds 
thrust through combustion of liquid 
oxygen and alcohol. The latest version 


weighs less than 1450 pounds and is 
10 feet, 11 inches long, and 5 feet, 10 
inches in diameter. Hydrogen peroxide 
drives a 780-horsepower turbopump. 
The gas generator unit is small and 
light enough to be held in one hand. 
The regenerative-cooled engine op- 
erates at over 5000°F with the alcohol 





Army Ballistic Missile Agency personnel at 
the Redstone Arsenal, Huntsville, Ala., re- 
move rocket engine for REDSTONE missile. 
Thoroughly tested before shipment, the 
engine goes through another test firing be- 
fore its installation on the missile at ABMA. 


fuel circulating around the chamber. 
The engine was first tested in 1950 and 
first production began in 1952. The 
ruggedness and reliability of the en- 
gine, now going to the Army and 
Chrysler, is demonstrated by the fact 
that as many as 10 consecutive full- 
duration, full-power runs were made 
with single-engine assemblies. 


Rocketdyne Constructs 
Engine Service Center 


The Rocketdyne division of North 
American Aviation, Inc., is construct- 
ing with private funds the first rocket 
engine service center. The new center 
will support future Air Force units of 
Atlas, Thor and Jupiter ballistic mis- 
siles. The engines for these missiles 
were developed and are being pro- 
duced by Rocketdyne. 

The center will include a corps 
of field engineers, a factory-to-field 
spare-parts group, and an overhaul 
plant. The facility, which will provide 
132,000 square feet of office and 
factory space, will cost $1.5 million. 
Total service personnel strength is ex- 
pected to number nearly 1000 by mid- 
year. Completion of the center is 
scheduled for this fall. 

The first Air Force ballistic mis- 





where lack of space 
is the problem 


Try this for size 


For guided missiles, 
airborne equipment, 
portable and mobile 
ground equipment 





check your 


THRUST STANDS 
TESTING MACHINES 
DYNAMOMETERS 
WEIGHING SYSTEMS 


with MOREHOUSE PROVING RINGS 


INACCURACY IS COSTLY! 





AG me 





Inaccurate force meosurement sys- 
tems waste time and money. For maxi- 
mum accuracy, be sure to calibrate your 
systems regularly with a MOREHOUSE 
PROVING RING .. . the industry standard 
for over 30 years. Every MOREHOUSE 
PROVING RING is calibrated and certi- 
fied by the National Bureau of Standards. 

The MOREHOUSE UNIVERSAL CALI- 
BRATING MACHINE (left) facilitates the 
calibration of compression and tension 
type load cells in capacities ranging from 
10,000 Ib. to 100,000 Ib. 

Learn the construction, operation and 
application of proving rings . . . write 
today for the 16 page book, “THE 
AB C’s of ACCURACY.” 


MOREHOUSE MACHINE CO. 


1742 Sixth Avenue eo York, Pe. 
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Miniature Ceramic 
Switch... Series M 





Single pole style has 18 shorting type contact positions. 
2 or 3 pole types may also be obtained. Additional 
decks may be added. Flash-over voltage at 60 cycles 
is 1000 volts peak . . . current carrying capacity 
is 2 amperes. 

* Coin silver contacts, rotors, slip rings 

* Silicone impregnated ceramic parts 

* Sturdy solder terminals 


Cnt Cron for further information 
™ DAVEN = 
WORLD'S LARGEST "MANUFACTURER OF ATTENUATORS 

Circle No. 34 ‘ard. 


Livingston, New Jersey 
on Subscriber Service C 








178 missiles and rockets 








+ etn, AER Be 





Another Milestone in the Growth of the Missile Market 


FIRST ANNUAL 


—_- 





Missile 





Market ae 
C1Uifel-mr-lale 


Biig-teife) a’ 


MISSILE MARKET GUIDE is an EXTRA Mid-April issue of MISSILES AND ROCKETS 


It will offer the first complete, classified listing of all alphabetical list of all manufacturers of missile com- 


manufacturers serving the missile market under 10 major _ ponents, electronic equipment, hardware, etc. . . . a list 
heads and over a thousand sub-heads. All listings are by company of the people who specify and buy missile 
free. Major breakdowns include such categories as equipment... and many other features of interest. 


MISSILE FRAME MANUFACTURERS, PROPUL- 
SION SYSTEMS, GROUND SUPPORT EQUIPMENT, 
GUIDANCE EQUIPMENT, TRACKING AND TELE- 
METERING EQUIPMENT, ETC. In addition to the 
classified section, there will be a missile catalog listing For additional information, contact the MISSILES AND 
all of the different items going into a missile ... an ROCKETS Regional Advertising Manager nearest to you. 
ADVERTISING OFFICES: 
NEW YORK: 17 EAST 48TH STREET—PLAZA 3-1100 


Place your advertising in your category . . . where it 
will be seen year round by prospects searching for what 


you have to sell. 


MISSILES AND ROCKETS CHICAGO: 139 N. CLARK STREET—CENTRAL 6-5804 

American Aviation Publications, Inc. — cuevetann: 1422 EUCLID AVENUE—PROSPECT 1-2420 

World's Largest Aviation Publishers DETROIT: 20] STEPHENSON BLDG.—TRINITY 5-2555 
1001 Vermont Ave., N. W. WEST COAST: 8943 WILSHIRE BLVD., BEVERLY HILLS, CALIF—CRESTVIEW 6-6605 
Washington, D. C. MIAMI: INTERNATIONAL CITY, 4471 N.W. 36TH STREET—TUXEDO 7-6655 


CANADA: ALLIN ASSOCIATES, 12 RICHMOND STREET, EAST TORONTO— 
EMPIRE 4-200) 
ALLIN ASSOCIATES, 1487 MOUNTAIN STREET, MONTREAL— HARBOUR 6898 
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MISSILE 


HARDWARE 
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pecializing in 
| @® Motor Cases 


Solid and Liquid 
propellants 


@ Jato Cases 
@ Nozzles 

@ Plenum Chambers 

® Blast Tubes 


@ Fuel Injectors 












we have 
the “Know-How!” 


We have developed new tech- 
niques, new methods, new 
processes that effect production 
economy so necessary to a success- 
ful missile program. 


Here at Newbrook you will find 
men with experience gained 
from doing ...a modern plant 
with up-to-date equipment. . . 
precision inspection to meet your 
most exacting quality control 
requirements. 


And most important, Newbrook 
specialization results in strict 
reliability ! Let us help you with 
your Missile Hardware problems. 


Phone or Write 


NEWBROOK MACHINE CORPORATION 
a 20 Mechanic Street 


Phone 45 


SILVER CREEK, NEW YORK 
Subscriber Service 
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sile units to be serviced by the Rocket- 
dyne center are the recently acti- 
vated 672nd and 864th Strategic Mis- 
sile Squadrons for Thor and Jupiter. 


RRI Static Tests 

Spark Research Engine 
SACRAMENTO, Calif.—Spark IA, a 
civilian-constructed, unclassified, 400- 


pound-thrust liquid-propellant rocket 
engine was successfully fired recently 


section of the 
Rocket Research Institute. The engine 
burned for 25 seconds on watered al- 
cohol and LOX. The training rocket 
was tested at nearby Elk Grove, Calif. 

The Spark engine is slated to go 


by the Sacramento 


into an _ intermediate-altitude (over 
100,000 feet) rocket to be used during 
the IGY in Nevada tests by the RRI. 
The institute aims to make such liquid 
rocket engines available for rocket 
groups and schools. 


Elgin Watch Moves 
Electronics Headquarters 


The electronics division of Elgin 
National Watch Co. has established 
new headquarters in the company’s 
former military fuze plant. 

The new plant becomes the ad- 
ministrative center for electrical relay 
production sold under the Advance 
and Elgin names. Much of the relay 
production has been for military elec- 
tronic equipment, but sales to the in- 
dustrial and commercial fields are also 
being emphasized. 

Just prior to World War II Elgin 
acquired the headquarters plant, which 
became a center for military fuze pro- 
duction during the war. 
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Gas turbine engine nozzle cast in Hastelloy C 
by the Kolcost process. 


Complex Geometry fe) j Design any complex curve you require 


into your missile-engine turbine parts 

Impellers and Nozzles of SaaS oor te 
choice exactly as you draw it on paper. 

The Koleast process of casting with 


Cast in @lal= Piece permeable inorganic ceramic molds 


removes all limitations from the produc- 
b Kolcast tion of even the most complex mathe- 
y matical designs. Castings are one-piece 
for uniform metallurgy. They are free 
from welded seams, fastened segments, 

or stress concentrations 


Parts produced by Kolcast can be as 
small as a cigar, as large as a washing 
machine can weigh ounces, or as 
much as 500 pounds. Material selection 
includes super-alloys, as well as all the 
popular, high-temperature steels 

Kolcast parts can be cast with finishes 
and contours so accurate that they 
require little or no machining for final 
assembiy. You save time and high-rate 
labor, eliminate costly scrap and high- 
burden machine tools 

A Kolcast sales engineer will call at 
your convenience to 
help you and your en- 
gineers design parts 
that require no pro 
duction compromises 
Meanwhile, write for 
Booklet MR-2 


(i? 


HOLCAST INDUSTRIES Zrc. 


16601 EVUCLIO AVENUE CLEVELAND 12, OHIO 
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A Company is 
known by the 
Customers 


it keeps 


A partial roster of the 
organizations that Datran bas the 
bonor of serving 
AMERICAN BOSCH ARMA 
ASSOCIATED MISSILE PRODUCTS 
AUTONETICS 
COLEMAN ENGINEERING 
CONVAIR 
DOUGLAS AIRCRAFT 
EDWARDS AIR FORCE BASE 
FAIRCHILD ENGINE & AIRPLANE 
FIRESTONE TIRE & RUBBER 


JET PROPULSION LABORATORY 


G LLL LLLP OCGC LOO Oo 


LOCKHEED AIRCRAFT 
NACA 


NATIONAL BUREAU OF 
STANDARDS 


FT I 


, 
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NAVAL ORDNANCE TEST STATION 
NORTH AMERICAN AVIATION 


Y 


NORTHROP 


4, 


RADIOPLANE 
RAMO- WOOLDRIDGE 


4, 


REDSTONE ARSENAL 


“AFP LJfLloOlLlODADIdIDIdAIG O27 DP GLOLL LLCO LIZA O 
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~ 
. ROCKETDY NE 
SANDIA 
~ USN UNDERWATER SOUND 
N LABORATORY 
U.S. STEEL 
*' 
UNIVERSITY OF CALIFORNIA 
\ UNIVERSITY OF MINNESOTA y 
S \ 4 \b 
~~ N \) f] a 
oY - — 
(A — 


Pressure Transducers - Telemetering Oscillators . Servo 
Converters « Digital Strain Gage Indicators - Automatic 
Data Logging Systems - Bridge Balance Equipment 


Complete product catalog M-2 upon request. 


DATRAN 


ELECTRONICS 


Ces ponrmenr Sateen 


Menhatten Beach Coliterme 
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Noviet Affairs 


by Dr. Albert Parry 


The American assertion in the wake of our Vanguard failure 
that the Soviets must have had their quota of similar misfirings, was 
countered by Academician Leonid I. Sedov. Writing in the Moscow 
Pravpa, Sedov announced: “We in the Soviet Union have never had any 
unsuccessful attempts of launching the earth’s artificial satellites. Only 
two attempts were made, and both were successful.” The success of both 
Sputnik firings, he explained, was the result “of the thorough way in 
which all the preliminary work had been carried out.” In such pre- 
liminary preparations all the “individual elements” of the project were 
“tried out, studied and checked,” and “the total system of the launching 
was thought through and analyzed in detail.” 


Some of our engineers and manufacturers may be disappointed 
with titanium as the wonder metal for our supersonic planes, but the 
Russians appear to be as much impressed by this lighter-than-steel and 
tougher-than-aluminum commodity as ever, The Soviet government has 
just revealed that its geologists and engineers recently completed ap- 
praisal of that country’s largest deposit of titanium. This latest discovery 
is located on the right shore of the Dnieper in the Ukraine, along the 
Samotkan, a minor tributary of that river. Together with titanium, much 
zirconium has also been discovered there. Both lie at shallow depths, 
and this, according to the Soviets, permits less expensive strip mining 
instead of tunneling. Our disappointment in titanium stems from certain 
bugs in its use for supersonic aviation. As one American titanium expert 
said: “It draws gases to it like flies to flypaper. And the strength-to- 
weight ratio is not everything it’s cracked up to be.” Could it be that 
Soviet titanium specialists have licked these two bugs? 


Russian technocrats are inventive, but Russian bureaucrats are 
obstructive. So, in effect, complains A. Garmashev in the recent IzvestTia, 
as he divulges that “as of July 1, 1957, more than 4000 Soviet inventions 
remained unused.” Garmashev is chairman of the Committee on In- 
ventions and Discoveries attached to the Council of Ministers. He blames 
bureaucratic backwardness in a number of Soviet industries for prevent- 
ing utilization of those inventions. Two days earlier, the Moscow Trup 
cited an appalling example of just such hampering and hindering at the 
Ural Aluminum Works. Out there, an ingenuous and practical inven- 
tion of a quick cleanser for gas pipes was stubbornly rejected by bureau- 
cratic chiefs on the ground that “its introduction would require a con- 
siderable investment of money, yet we really don’t know what good 
it may do.” 


To SOVETSKAYA AVIATSIA, candidate of technical sciences V. 
Aleksandrov contributes an article on “Rocket-Plane, the Plane of the 
Future.” This flying machine, he maintains, “will be launched into cos- 
mos like a rocket but on returning to earth will land like an ordinary 
airplane.” The main problem yet to be solved, according to Aleksandrov, 
is how to change the direction of the rocket-plane’s flight at will. “One 
of the methods of changing the direction,” he writes, “may be the use 
of additional rocket engines placed at an angle to the flight’s direction. 
The force of the pull of such engines will change the trajectory of the 
rocket-plane’s miovement in the direction desired.” 
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Moscow Briefs. 





The December 1, 1957 edition of 
the newspaper SOVIETSKAYA AVIATSIA 
carried an interesting illustration of a 
rocket-plane trajectory. The pattern 
was strikingly similar to that which ap- 
peared in the February 1957 issue of 
m/r. The illustration in SOVIETSKAYA 
AVIATSIA, however, shows the trajec- 
tory over territory of the USSR and 
ending close to the South Pole. 

V. Alexandrov, candidate of the 
technical sciences, says it is “the air- 
plane of the future” and after achiev- 
ing speeds of 12 to 15 thousand kilo- 
meters per hour (about 7500 to 9300 





























miles per hour), the pilot will switch 
off the engines and glide along the top 
of the earth’s atmosphere to his destina- 
tion. The rough diagram shows the 
craft being launched vertically to an 
altitude well above that considered 
necessary for the job. 
eo 

Radio Moscow has made repeated 
references to a “graviplane” which will 
enable man to make extraterrestrial 
flights “without the aid of rockets.” 

o 

Project Boomerang, the USSR’s 
effort to place an instrumented vehicle 
in an elliptical orbit around the moon, 
has been placed under the direction of 
Prof. G. A. Chebotarev. A doctor of 
“physico-mathematical” sciences with 
the Leningrad Institute of Theoretical 
Astronomy, Chebotarevy authored a 
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paper in February 1957, giving con- 
siderable technical detail on the method 
of placing a payload of 110 to 220 
pounds in a lunar orbit. The paper was 
entitled “Cosmic Boomerang,” and ex- 
horted Soviet engineers and scientists 
to begin work on a project such as 
that outlined in the paper. 


An unmanned “radioteledirected” 
rocket for probing interplanetary space 
is understood to be under development 
by a team of Soviet scientists under the 
direction of Iu. S. Hlebtsevich. The 
rocket is scheduled for completion and 
launching “in the near future” and 
will, of course, precede other Soviet 
vehicles into space. The rocket’s first 
destination was not indicated, but fre- 
quent references to project Boomerang 
(see above) hint that this may be the 
vehicle to carry out that mission. 


Intercontinental rockets of the 
the future will have wings that will 
make them look like large economy- 
size versions of today’s airplanes. So 
declares Georgi I. Pokrovsky in the 
newspaper SOVIETSKAYA AVIATSIA. The 
author, an expert in intercontinental 
ballistics, predicts that “further devel- 
opment of cosmic flights will lead to a 
rapprochement between the technology 
of rocketry and that of aviation. For 
instance, the problem of creating a 
spaceship that would return to earth 
can be solved only by giving this ship 
a system of wings and guidance pe- 
culiar to our contemporary airplanes.” 


The Red Army newspaper, RED 
Star, published a map of NATO dis- 
positions in its issue of December 14, 
1957. The map shows staff headquar- 
ters for the operations areas of NATO, 
and the alleged number of divisions 
assigned to various areas. The estab- 
lishment of missile launching sites has 
been receiving coverage in the Soviet 
press, as has President Eisenhower's 
“war budget.” 

> 

Heavy fuels are being experi- 
mented with in the USSR. Such speci- 
mens as furnace oil, shale oil and shale 





tars are being tested at scientific centers 
as possible sources of rocket power. 


Soviet scientists, nominally above 
politics and the state for the good of 
mankind, are being continually re- 
minded that they are Soviet scientists 
first and foremost. Writing in the party 
journal KOMMUNIST and the journal 
of the Academy of Sciences of the 
USSR, the Central Committee of the 
Communist Party told the Academy 
members that, “Our scientists cannot 
and must not stand aside from the 
ideological struggle between commu- 
nism and capitalism. The time has sup- 
posedly arrived when we can allow 
ourselves such an existence of two 
ideologies. This is a deeply mistaken 
deduction; this is what our ideological 
enemies want—namely, ideological dis- 
armament of the Soviet Union. Now, 
more than ever, uncertainty, neutrality, 


’ political indifference, against which V. 


I. Lenin always spoke, cannot be toler- 
ated in our midst.” The reminder was 
written by A. Topchiev, chief science 
secretary of the Presidium of the Acad- 
emy of Sciences and a Communist 
party member for 25 years. 


The magazine USSR, a Soviet 
publication distributed in the United 
States, notes “an interesting phenom- 
enon” which occurred during the radio 
transmissions of Sputnik Il. During the 
passage of the satellite near the area 
of maximum ionization of the atmos- 
phere, radio signals from the satellite 
were received—not by the shortest dis- 
tance, but after the waves had traveled 
around the longer side of the globe. 


Prof. Kyril Stanyukovich, a Soviet 
physicist, was quoted by Radio Moscow 
as citing the great advantages to be 
gained by sending a camera-equipped 
satellite around the moon to photo- 
graph the surface. In addition to still 
and motion picture cameras, there are 
plans formulating to put a television 
camera in such a satellite. No mention 
is ever made in such programs to use 
of such satellites to photograph the 
earth for military purposes. 
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PELECOMPUTING CORPORATION IS SEEKING A DIRECTOR OF RESEARCH AND DEVELOPMENT. 
loa physicist with experience in mechanics, electronics, magnetics and atomics, we offer an unlimited capacity 


bys ’ 
tor creatlve achievement 


lelecomputing Corporation will offer this directorship to a man who has acquired 


his Ph.D. in Physics since 1950, and who is earning a minimum of $25,000.00 annually in a large company. 


ARE YOU QUALIFIED TO EILL THIS IMPORTANT POSITION? Please forward resume to Wm. R. Whittaker, Pres. 


j f ALIFORNI WHITTAKER CONTRO! IIVISION ) 


ITTAKER GYROS DIVISION BRUBAKER 
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TELECOMPUTING 
CORPORATION 


DIVISIONS: 


WHITTAKER ( \rRol DIVISION (Formerly Wm. R. 


Whittaker Co., Ltd.) Responsible for the development of 


the first sliding gate valve (1942); the first motor-driven 
gate valve, and many other firsts in equipment designed 
to meet specific military applications. Since 1942 this im- 
portant division of Telecomputing has produced over 
1,250,000 valves. Every military aircraft in service is 
Whittaker Controls equipped. 


WHITTAKER GYROS DIVISION: Since 1939 more than 
350,000 Whittaker gyros have been sold for installation in 
a wide variety of military products. This division origi- 
nated the electrically-driven gyro being used on guidance 


systems and on missiles currently in production. 


BRUBAKER ELECTR CS, UN¢ (Subsidiary): A leader in 
research and development in advanced electronics sys- 
tems, encompassing the fields of safety controls for military 
and commercial aircraft —airports —communications— 
radar—IFF and navigation aids. Today, every ship of the 
U.S. Navy is Brubaker equipped. 


ATA I 10 The Data Instruments 
Division is engaged in the development and manufacture 
of proprietary instruments for data processing. This divi- 
sion designs data reduction systems and has its own com- 
plete data reduction facility. It designed and produces the 
Point 0’Sale equipment, a system for completely automatic 


inventory control. 


For many years this 
division has been engaged in the production of maximum 
reliability equipment for testing nuclear weapons. It is 
geared to undertake basic design and manufacture of 
missile instrumentation test equipment, develop proto- 
types and apply engineering techniques to assembly line 
production under the most rigid quality controls. 


This division is cur- 
rently engaged in the reduction of large amounts of flight 
test data being generated by the daily missile firings on 
the integrated Holloman-White Sands Range. The Engi- 
neering Services Division of Telecomputing is capable of 


performing this function anywhere in the world. 
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Temperature 


Dependability 
at 


“Count Down” 

ALLL 
HOKAWNSON 
Air Conditioners 








Dependable 
close tolerance 
temperature control 







when delivering nitrogen, 





air, or liquid to missiles now 
in production or test has 
been ‘‘performance-proven" 
by Hokanson Ground Sup- 
port Air Conditioners. 










Hokanson Air Conditioners 
are engineered to exact cus- 
tomer requirements to heat, 
cool, or dehumidify — or a 
combination of all three. 


In addition to current mis- 
sile application on the Thor, 
Titan, Snark, and Polaris, 
other Hokanson units are 
supporting such aircraft as 
the B-58, B-52, WV-2, KC- 
135, F-89, and B/RB-66. 


Write today for literature on 
standard units. We welcome 
the opportunity to work with 
your design engineers on 
missile, satellite, or super- 
sonic aircraft air condition- 
ing problems. 





CG Hdenen 


COMPANY, INC. 
2140 Pontius Avenue 
Los Angeles 25, California 
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Space Medicine 


by Hubertus Strughold, M.D., Ph.D. 


Approximately 450 people took part in the symposium on human 
factors sponsored by the American Rocket Society on December 4, 1957, 
at the Hotel Statler in New York. Among the speakers were Maj. David 
G. Simons of Holloman Air Force Base and Otto Winzen of Winzen 
Research, Inc. Together they gave their first report on Project Man High, 
the balloon flight in which Dr. Simons attained an altitude of 102,000 
feet. 

At the same meeting, Cmdr. C. C. Brock, from the Office of 
Naval Research, delivered a paper on “Space Flight in the Undersea,” 
emphasizing the similarity with regard to human factors between space 
flight and cruising in a submarine, for example under the Arctic ice cap. 
He noted that a conventional aircraft and a spaceship are cousins, 
whereas a spaceship and a long-range submarine like Nautilus are 
brothers. 

My comment: Let’s name the first true spaceship Astronautilus. 


At the annual meeting of the Aeromedical Association, to be 
held March 24, at the Hotel Statler in Washington, D.C., Col. Paul 
Campbell of the Air Force Office of Scientific Research will conduct a 
symposium on space medicine. Among the topics to be presented are 
specific problems such as cosmic rays, life at “the boiling point,” high- 
altitude bailout from balloons, and weightlessness. 


Studies on the use of plants to regenerate air in a closed ecological 
system, such as that of a space cabin, have been carried on for several 
years at the University of Texas by Dr. Jack Myers, Department of 
Algal Physiology, and at the School of Aviation Medicine, Randolph 
AFB, Texas. Certain algae, dispersed in a nutrient solution and exposed 
to light in order to induce photosynthesis, have been examined for their 
efficiency in this respect. 

The work began with the blue-green alga, chlorella pyrenoidosa, a 
tiny round organism only a trifle larger than a red blood cell. It was 
found that about five pounds fresh weight of this species are sufficient 
to provide one man with a continuing supply of oxygen and to absorb 
his excess carbon dioxide. 

Recently, another, much smaller, microorganism resembling a 
bacterium, anacystis nidulans, has been tested. It is much more efficient. 
Only one and one-half pounds suffice for the respiration needs of a 
single man. At the present time, mice are being kept alive in a closed 
system using this alga. 

e 

The 13-week series of educational television programs on space 
medicine called “Doctors in Space,” which has been mentioned before 
in this column, had its national premiere on January 5. The half-hour 
programs, financed by the Ford Foundation and produced by the Uni- 
versity of Houston, were written by Green Peyton, Chief of Informa- 
tion Services at the School of Aviation Medicine. Distributed by the 
National Educational TV Center of Ann Arbor, Mich., they will con- 
tinue through March on educational stations and others which will carry 
them as public-service presentations. 

+ 


Of all the specialties and branches of medicine, space medicine 
is the only one that deals with cosmic subjects, such as astrophysics, 
celestial mechanics and planetology. In Russian literature, space medicine 
is known as cosmic medicine. 
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World Astronautics 


by Frederick C. Durant Ill 


Look for THe Race FoR SPACE at your newsstand this month. 
Offbeat and fulminating, it is a collection of stimulating and contro- 
versial articles on the lagging position of the United States in science 
education and space operations. Edited by Paul G. Neimark, the price 
is $1.00. 

The collection has some faults. There are irritating typos, a few 
obvious technical faux pas and it is hodgepodge. But it is fun reading the 
hard-punching (if occasionally anarchistic) prose. The theme may be 
judged from the following Q’s and A’s which appear on the back cover: 
Where do we stand? Second. What can we do? Much. What if we don’t? 
We must. 

Many of the authors are well known. Here are some quotes from 
the contents. “The public must realize that the choice is not between 
living and living well, but between living and ceasing to live.” (NBC 
commentator Clifton M. Utley); “. . . Perhaps the race is not worth run- 
ning, but let us not kid ourselves that we can win it in second gear. . .” 
(nuclear chemist Herbert H. Hyman); and this wonderful blast by aero- 
nautical engineer and writer L. Sprague de Camp: “It is absurd to say 
that the fat, dumb and happy American people cannot afford higher 
taxes. To overtake the Soviet Union in science, a lot of my softheaded 
countrymen must be convinced that it is more important to support 
research than to give senseless handouts to anybody who ever plowed 
a furrow or wore a uniform. . . . Let the program be paid for either 
by higher taxes, like those we had in the Hitlerian War, or by starving 
our sacred cows—veterans, farmers, highways and dams in the desert. 
Or, better yet, by both.” Others include former GE President Charles 
E. Wilson, science writer Isaac Asimov, TV personality Mike Wallace, 
author James T. Farrell, Willy Ley and Carl Sandburg. 

. 


Science writer Arthur C. Clarke in a piece in the newspaper Sun- 
day supplement, THis WEEK, draws a neat analogy between 15th Cen- 
tury Venice and the current dawn of the space age. At that time Venice 
was mistress of the seas—the unchallenged ruler of the maritime world. 
The trade routes across the western ocean beckoned and men of vision 
looked for sponsorship. 

But the Venetian rulers were not interested. For centuries “the 
commerce of half the world had paid them tribute—why should they 
be bothered with wild adventures in unknown seas? They made their 
choice. They chose to stay with the old and comfortable ways of do- 
ing things.” We all know the outcome. The explorers sought encourage- 
ment elsewhere and within a generation “the riches of the mew world 
were pouring into Spain and Portugal. The tide of wealth and power 
ebbed from Venice, never to return.” There is a lesson here that is plain. 

Clarke goes on to point out the finality of the challenge which 
now confronts the Western World and states unequivocally, “We shall 
not survive if we are lazy, soft or complacent.” 

° 

The Ninth Annual Congress of the International Astronautical 
Federation will be held in The Netherlands (either in Amsterdam or 
The Hague) August 25-30. It is not too early to start thinking of travel 
plans. Increasingly, industrial and DOD establishments have been recog- 
nizing the appropriateness of professional representation at IAF Con- 
gresses. 

If you are interested in submitting a paper, action should be taken 
within the next few weeks. Contact Krafft Ehricke of Convair-Astro- 
nautics, San Diego, Calif., for ARS sponsorship, or Norman Peterson, 
Sperry Gyroscope Co., Sunnyvale, Calif., for AAS sponsorship of your 
paper. 
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MINIATURE 
THERMAL 
RELAYS 


with 
99.99% Plus 
Reliability 


SERVICE-FITTED 


SERVICE-TESTED 
SERVICE-APPROVED 


Our complete 
environmental 
testing laboratory 
samples and certifies 
daily production. 
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New NORMALLY CLOSED RELAYS NOW AVAIL- 
ABLE. They both meet or exceed requirements for 
guided missiles and complex electronic gear. 

They are hermetically sealed by bonding metal 
headers to high thermal, shock resistant glass 
housings. 

They open or close a circuit positively in 0.1 
second or other delay times. 

They can also be safely used as a “squib” or 
timing mechanism. 


Typical Characteristics 
Temperature: —100°F. to +450°F. 
Vibration: 20-3000 CPS at 40 G’s 
Shock: 250 G's 


Brochure containing complete char- 
acteristics and specifications available 
upon request. 


NETWORKS ELECTRONIC 
CORPORATION 


14806 OXNARD ST., VAN NUYS, CALIF. 


Original designs for highest reliability in glass 
housed miniature Relays and Resistors for all purposes 
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off the moon 


In a few short years spacg 
engineers will bounce ¢ 
missile off the face of thé 


moon and so glean valu 


able information on proby 


lems of interplanetar} 





space travel. Chances are 
Ex-Cell-O parts will hej 
get that missile to its des 
tination, playing a role i 
this, the conquering of ou 
last great frontier: th 
universe, itself. Ex-Cell- 
builds fuel nozzles, blade: 
rotors, valves, actuator 
i fuel controls, parts an 


assemblies for jet engine 
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NEW MISSILE PRODUCTS 





TRANSISTORIZED POWER PACK 


High-voltage transistorized power 
packs that permit full input voltage to be 
repeatedly applied and abruptly discon- 
nected without affecting performance have 
been developed by Electronic Research 
Associates, Inc. The units may also be 
completely short-circuited without caus- 


ing damage to the semiconductors or other 
components. 
The units are available in 


150 vdec 





TRANSDUCER 

A single-pole, variable-reluctance, 
angular-position transducer for FM/FM 
telemetering has been developed and mar- 
keted by Ultradyne, Inc. The device gives 
precise measurement of angular rotation 
by means of a new principle now await- 
ing patenting. Rotation of a magnetic 
rotor varies the amount of ferromagnetic 
material in a fixed air gap and, due to the 
shape of the rotor, a change in the mag- 
netic reluctance varies the frequency of 
an oscillator in a linear manner. 

The transducer has application wher- 
ever exact measurement of a small angu- 
lar position change is required and high 
resistance to very severe shock and vi- 
bration is essential. Its uses include in- 
stallation on rocket motor gimbals and 
actuators and control surfaces. The unit 
features an infinite resolution for smaller 
angular ranges without the use of gears 
or screw systems to obtain adequate out- 
put sensitivity. 

There is no limitation of resolution 
such as is found in transducers utilizing 
potentiometers or similar sensing ele- 
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and 300 vde ratings 0-100 milliamperes. 
Input is 105-125 vac, 60 or 400 cps. Regu- 
lation is better than 0.1% and ripple is 
less than 0.02%. The units are sealed in 
transformer-type housings but transistors 
and circuits are accessible for replace- 
ment. Size of the 150-volt model is 3 1/16” 
x 3 9/16” x 4%”. Weight is approximately 
four Ibs. 
Circle No. 221 on Subscriber Service Card. 





ments. The device requires no mechanical 
stops to prevent damage and good acceler- 
ation sensitivity is provided in all direc- 





tions. The gage is supplied in two models, 

both identical except for one unit having 

a temperature range of 0°F-250°F. 
Circle No. 207 on Subscriber Service Card. 


TOGGLE SWITCHES 


A new series of toggle switches 
featuring an integrally designed lever 
lock and requiring a definite pull of 


approximately .09” to change lever posi- 


tions is now available from Micro 
Switch Division of Minneapolis-Honey- 
well. 


By insuring positive switching, the 
lever lock prevents false actuation by 
objects snagging or hitting the toggle 
lever. Designated the “TL” series 
of “pull-to-unlock” toggle switches, the 
switches have integral terminals, offer- 
ing easier wiring and stronger connec- 
tions. A_ step-design case allows more 
space between terminals, minimizing the 
possibility of shorting. 

The toggle lever itself is oversize 
and has a knob on the end. Changing 
the toggle lever from one locked posi- 
tion to another is not difficult even when 
one is wearing heavy gloves. The “TL” 
series of toggle switches is available with 
11 different toggle-locking positions and 
in three circuitry types—+eingle-pole, 
double-pole and four-pole. They are rated 
electrically at 20 amperes, 30 vdc, re- 
sistive load. 

Circle No. 217 on Subscriber Service Card. 


SHUTOFF BALL VALVE 


Designed by Progressive Research 
and Development Corp. for concentrated 
hydrogen peroxide or red fuming nitric 
acid, these valves are suitable for air- 
borne rocket operations. The straight- 
through flow of the system media pro- 
duces a pressure drop equal to that of 
an equivalent length of tubing when 
the valve is open. The valve operation 
requires no lubricant and a_ hydraulic 
device in the actuator provides a time- 
adjustable slow-opening feature and still 
retains a rapid spring-closing action for 
fail-safe operation. 

An electrical position indicator can 
be provided to indicate valve position 


remotely, the indicator circuit being con- 
through an 


nected “AN” electrical pin 





receptacle mounted on the valve actua- 
tor. The valves also feature double dy- 
namic seals with an overboard vent port 
between them to eliminate the danger 
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Tricon furnishes contact assemblies to the electro- 
mechanical industry and specializes in missile con- 
trol applications. At Tricon you have a team of 
specialists in the manufacture of switch and relay 
spring-blade components, as well as precious metal 
contacts and assemblies. 

The FINE PARTS WELDING AND BRAZING 
DEPARTMENT at Tricon is available to semi- 
conductor manufacturers for the precision assembly 
of diodes and transistors. Make a good connection 
and contact Tricon for contacts. 


CONTACT 
TRICON 
FOR 
CONTACTS 






PRECIOUS METALS FOR ELECTRONICS 
8008 South Wallace Street ¢ Chicago 20, Illinois 


Circle No. 37 on Subscriber Service Card. 





Plan your systems check out 
on location with a | 


MOBILE TEST BENCH. 
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WORKABILITY t 4 
Nen-reflective non-conductive | 
Abrasion resistant work surface t t ” | t 


CONNECTABILITY 


Easily accessable raceway 
for electrical connections 


EXTENDABILITY 
Storable extension shelves 
for added work ares 


STOWABILITY 
Shelves completely or partially 
removeable, for test equipment 











TRANSPORTABILITY 
Hinged tow ber extends for wage 
or locks flush to bench end. 
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HITCHABILITY 
Quick disconnect hitch 
allows tandem towing 
TOWABILITY 

Rings afford tie down 


STORABILITY 
Small took, cables, parts stowage 
Neo space lou; ground clearance 6” 


MANEUVERABILITY — MIL - M -8090 
Two fixed, two swivel shock ebsorbing 
casters, Lort end breet mecheninm 


and hoisting provision 


engineered and designed to your require- 
ments in size and layout or existing designs 
adapted to your needs. 

Skyd yne’s experience and guarantee saves 
you time, money and responsibility. 


Skydyne’s aluminum faced sandwich con- 
struction benches provide versatile, com- 
pact, mobile units to facilitate on sight 
checkout of electronic systems or compon- 
ents of rockets and missiles. Specially 





aan 29" F272 Lac RT JERVIS, NEW YORK 
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of external leakage. The units are avail- 
able for line sizes from “4” to 2”. 
Circle No. 220 on Subscriber Service Card. 


ACCELEROMETER 


Development of a_ self-calibrating 
accelerometer, designed primarily for con- 
trol and guidance in missiles, has been 
completed by Gulton Industries, Inc 
Other applications intended for the device 
include fire control, servo guidance and 
pitch and yaw correction characteristics. 

Designated the Glennite differential 
transformer accelerometer, model ADT- 
905, the unit is equipped with a self- 





contained calibration system which can 
be used to check the operation of the 
accelerometer while in use, or to calibrate 
the unit statically or dynamically. 

The device is inherently stable over 
the temperature range —65°F to 250°F. 
Operating at a low natural frequency of 
about 30 cps, the accelerometer maintains 
stable frequency-response characteristics 
over the temperature range as a result 
of magnetic damping. 

Circle No. 200 on Subscriber Service Card. 


HIGH-ACCURACY SYNCHRO 


Kearfott Co. announces the develop- 
ment of a high-accuracy synchro com- 
ponent having a maximum error from 
electrical zero of only a half minute. A 
resolver-type unit, this synchro is capable 





of functioning as a 4-wire control trans- 
mitter, control differential transmitter or 
control transformer which, when used 
in a 4-wire string to form a typical data 


| transmission system, holds overall system 
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error to less than 1 minute from electrical 
zero. The unit may also be modified for 
operation at either 4000 or 10,000 cycles. 
A compensator winding is provided to 
maintain the revolver’s 30-second accuracy 
despite variations in temperature and fre- 
quency. 


Circle No. 205 on Subscriber Service Card. 


PULSE TRANSFORMER 


A tiny pulse transformer, no bigger 
than a pea, is now available from Pulse 
Engineering, Inc. Designated the ES3, 
this subminiature transformer is particu- 
larly useful in transistor-blocking oscil- 
lator circuits. Body dimensions for the 
epoxy-resin-encapsulated pulse transformer 





are %” maximum. The ES3 is available 
in two- and three-winding styles with wire 
leads of No. 24 AWG tinned copper. 
Coil inductances to 3 millihenries are 
available. Power rating of the units is 
1 watt average power and 50 watts peak 
pulse power. 
Circle No. 209 on Subscriber Service Card. 


MINIATURE CAPPED CLINCH NUTS 

A miniature clinch-type self-locking 
nut designed with an integral metal cap 
has been developed by Elastic Stop Nut 
Corp. of America. The clinch-type fas- 
tener is mounted by expanding the short 


“ym 








in the installation hole. 


shank 
It then becomes a “fixed” fastener, par- 


knurled 


ticularly suited for applications where 
restricted space will not permit normal 
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wrenching procedures or where a “blind” 
nut is required to simplify maintenance. 
The Clinch Nut, in 4-40, 6-32 and 
8-32 threads, 
length of .040” for use in material of 
.030” to .050”. The 8-32 is also designed 
with shank of .060” for use in material 
.050” and greater. 
Lightweight, 


miniaturized flush 


mounting and self-locking, the new nut | 


meets torque requirements of AN-N-10 
and/or MIL-N-25027 (ASG). Nut and 
cap are of heat- and corrosion-resistant 
steel. 

Circle No. 202 on Subscriber Service Card. 


GEAR BOX 


A commercial application superspeed 
gear box, the gears of which reach rota- 
tive speeds in excess of 420 mph has 
been designed and manufactured by West- 
ern Gear Corp. for testing missile pumps. 
It is believed to be the first time that a 
high-speed unit operating at such speeds 
has been built for a permanent installa- 
tion. 

The precision gears of the two-speed 
box turn over at 67,000 rpm with a pitch 
line velocity of 37,303 fpm. Rated at 
600 hp, the unit is about 2’ long, 14” 
tall and 12” wide. It is trunnion-mounted 
and used as part of a dynamometer test 
facility. 


Circle No. 211 on Subscriber Service Card. 
SERVOFRAX DOME 
Servofrax arsenic trisulphide glass, 


now available from Servo Corp., may be 





molded, ground and polished to produce 
one-piece domes. Used in transmitting 
infrared radiation to infrared detection 








FOR SALE 


USED HEAT TREAT FURNACES 
Modern Equipment—|immediate Delivery 
What are your requirements? 
Write for our latest list. 
PAPESCH & KOLSTAD, INC. 
10703 Capital Ave. Phone: Lincoln 7-6400 
Oak Park (Detroit) 37, Mich. 
P. ©. Box 3726 


Late, 











WELDING ENGINEER: Position involves 
fundamental studies of welding processes 
for high strength steels. Applicant 
should have appropriate engineering de- 
gree and some experience. Location, 
Western Pennsylvania research institu- 
tion. Detail education and experience in 
first letter. Box 100-A, MISSILES & 
ROCKETS Magazine, 1001 Vermont Ave., 
N.W., Washington 5, D.C. 
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DC REFERENCE. 


VOLTAGE 
THAT'S 













CONSTANT! 


> from —55° to +100°C 
> thru 10 G’s vibration 


> over 1000 hours 
| continuous operation 



































TUBELESS CONSTANT VOLTAGE SOURCE 
e Replaces VR tubes 
and chemical cells 


e For airborne, mobile and 
laboratory instrumentation 





Designed to provide dependable DC reference 
voltage wherever specifications demand long- 
term stability in the presence of environ- 
mental extremes. Uses no tubes or moving 
parts...conforms to shock, vibration and 
acceleration requirements of MIL-E-5272A. 
Negligible temperature coefficient, plus free- 
dom from hysteresis and switching effects, 
make it readily applicable to the most-critical 
measurement and contro! circuits. Weighs 
less than 3 ounces; requires less than 1.8 
watts. Other features: 


e Small size: 1'\,” x 1%," dia. 

¢ Life expectancy: more than 10,000 hours 
* Base: miniature 7-pin 

¢ Case: hermetically sealed 

* Random drift: less than 0.1% 


over 1000 hrs. 
Models to meet wide range of application re- 
quirements: Inputs from 265V DC or II5V 


AC, 60 or 400 cycles. DC output 6.2V at | ma 
or 10 ma, IV at | ma. Modified types can be 
developed to meet your particular needs. For 


complete specifications and performance data, 
write for Bulletin, (MR-200), Avien, iInc., 58-15 
Northern Bivd., Woodside 77, N. Y. 
, 
*Trade Mark 


View 


Precision Instruments and Control Systems 
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HIGH PRECISION 
MACHINE PARTS 





Sa y/ $ 


4635 WEST LAKE ST., CHICAGO, ILLINOIS 
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Anyone can make a metal clamp, but 


one lined like this takes a bit of dong 


Take asbestos, reinforce with wire mesh, impregnate with DuPont Teflon 
and mold to shape . . . a new conception in high temperature clamps, one 
—that will take temperatures from —300 to +500 F 

—that will never harden nor melt 

—that will stand corrosive fumes, oils, 2 prone fluids, solvents, fuels 


—that will absorb constant vibration anc 


stay on the job 


and do its work. Write for samples and quotations. 


30 Lufbery Avenue 
Wallingford, Connecticut 


__ese_e. 22 on Subsether Service Cord. 
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The equipment you are designing or building ) 
may well include a number of small high pre- 
cision machine parts, and you will be anxious to 
see that they are produced by a firm in which 
you can have complete confidence. A firm com- 
petently staffed, well equipped, with years of 
experience, and a reputation for high quality pro- 
duction and complete dependability. LaVezzi, 
with a history of many years in this specialized 
field is the answer to this need, and earnestly 
solicits your quote requests. An illustrated bro- 




















,¢__MACHINE WORKS 








i 








equipment, this shape is available in sizes 
from 4” to 12” in diameter and it may 
be ordered in any spherical section up to 
and including 180° hemispheres. 
Servofrax domes withstand high ac 
celeration and subzero temperatures with- 
out damage. The dome has a slight nega- 
tive lens effect (as all concentric shells 
must), which sometimes. can be used ef- 
fectively as a Maksutov corrector for con 
centric optical systems. 
Circle No. 214 on Subscriber Service Card. 


GERMANIUM PHOTODIODE 

External light-focusing devices or 
optics are unnecessary with a germanium 
photodiode developed by Nucleonic Prod- 
ucts Co. The hermetically sealed, high- 
sensitivity device features a narrow in- 





which 


light on 
the sensitive portion of the junction area 


tegral lens concentrates 
It can be used in either the visible or 
infrared portions of the spectrum. 
Sensitivity of the new device is ap 
proximately 30 mA/Lumen at an ambi 
ent temperature of 20°C. Operation is 
to a maximum ambient temperature of 
50°C. Dark current is less than 3.5 micro 
amperes. The sensitive surface is about 
1 mm*, and the overall dimensions are 
such that the device is adaptable to the 
most highly miniaturized equipment. 
Circle No. 210 on Subscriber Service Card. 


EXPANDED SCALE METERS 


A new line of meters in which the 
scale has been electronically expanded 
has been developed by the Miller In- 
strument Co. By eliminating the lower 
unused portion of the scale and using the 
full scale to cover the range in which 
readings can be expected to fall, more 
accurate readings can be obtained, For 
example, on a voltmeter used to measure 
values around 28 volts, the scale could 
be expanded to cover 26 to 30 volts and 
values from 0 to 26 volts would be elimi- 
nated. Reading accuracy of 0.25% of 
true voltage is possible because of the 
absolutely linear expanded scale. 

Circle No. 216 on Subscriber Service Card. 


ULTRAPURE SOLVENT 
A highly purified solvent guaranteed 
to contain no particles larger than 2 mi- 
crons has been developed by the Pene- 
tone Co. The company states that labora- 
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tory grade Inhibisol is specially purified 
in a dust-free process, contains absolutely 
no residue and is the ultimate in a refined 
solvent. 

The product, now available in lim- 
ited quantities, is designed primarily for 
manufacturers of precision instruments, 
electronic devices, bearings, watches, gyro 
contacts and controls and for cold-process 
cleaning where high purity is a “must.” 

Circle No. 212 on Subscriber Service Card. 


TEMPERATURE PICKUPS 





Designed for temperature control of | 


liq: ‘ds and gasses, the temperature pick- 
ups produced by Dynamic Controls Corp. 
can operate over a temperature range 
of —100°F to 500°F. The units are avail- 
able in two types, which bleed a pneu- 
matic control pressure on either increas- 
ing temperature or decreasing tempera- 
ture. 

Because the fluid to be sensed is in 
direct contact with the bimetal sensing 
element on all sides, very rapid response 








times are provided. The thin bimetallic 
elements are placed parallel to the duct 
axis so that extremely low duct-pressure 
drops are produced. Units are available 
with elements shorter than 1” for ducts 
of small diameter. High sensitivity units 
are available to control temperatures 
within 1°F. 
Circle No. 218 on Subscriber Service Card. 


TRANSISTORIZED VIBRATOR 


Vibration Research Laboratories, Inc., 
has developed a new type circuit com- 
ponent designated the Vibristor. The de- 
vice, now in production, is a_ self-reso- 
nant, semiconductor interrupter designed 
to replace vibrators in existing power 
supplies and for use as a standard com- 
ponent in new equipment. 

Replacement models use standard vi- 
brator enclosures and bases for direct re- 
placement of all commercial vibrators, 
both synchronous and interrupter types. 
Plugging the Vibristor into the vibrator 
power-supply socket completely  tran- 
sistorizes a power supply. No wiring or 
other circuit changes are necessary. Since 
operation of the Vibristor does not de- 
pend on magnetic saturation, no “current- 
spikes” occur and output ripple and noise 
are eliminated. Frequency remains within 
+1% for input voltage changes of +25%. 
Single units capable of switching up to 
300 va at any frequency below 100 kc 
are available. 

Circle No. 208 on Subscriber Service Card. 
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LOCATION OF 4 FASTAIR CAMERAS ON SLED 
Photo Courtesy Coleman Engineering Company, Inc. 


PICTURE QUALITY 
UNEXCELLED 

UNDER EXTREMELY SG 

ADVERSE CONDITIONS We 


Despite the high acceleration, vibration and extreme G load of 
rocket sled test FASTAIR High-speed Missile Cameras recorded pic- 
tures of highest quality. Small, sturdy and compact, the FASTAIR, the 
first camera developed specifically for missile and rocket studies, is 
unexcelled. The FASTAIR can also be used in other fields requiring 
the recording of action for analyses. Speed ranges from 12 to 600 
pictures per second. 












Robert W. Drury reports the FASTAX camera is a 
credit to the photo equipment industry ... never 
had a failure of any part of the camera or the very 
well thought out Camera Control unit. The new 
FASTAIR camera has proven to be an outstanding 
missile-borne camera, well designed for the job. 








Photo Unit Supervisor, Lockheed Missile Systems 





Divisions, Palo Alto, California 






eroTOSRap, INQUIRIES WELCOMED. Send for new 


bulletin for complete details and prices. 


WOLLENSAK 
OPTICAL COMPANY + ROCHESTER 21, N.Y. 





Circle No. 42 on Subscriber Service Card. 193 








Circle No. 52 on Subscriber Service Card. 
194 











West Coast Industry 


by Fred S. Hunter 


We know very little about Convair’s Wizard Two, the Air Force 
anti-missile missile, but it’s interesting to note that this new defensive 
weapon will be a product of the San Diego division, where the military 
specialty is turning out airplanes with wings, rather than the Astronautics 
division, where they make missiles embracing the ballistics principle. The 
Wizard has wings, so it really falls in the classification of unmanned air- 
craft. It’s also an interceptor, and they are old hands at this business in 
the San Diego division through experience with the systems used in the 
delta wing F-102 and F-106 jets. The Wizard mission is to intercept 
intercontinental—or intermediate-range—ballistic missiles on the inbound 
track, remaining within the atmosphere, but exploding at very high alti- 
tudes, somewhere in the area of 300,000 to 500,000 feet. The opera- 
tional technique would be to fire several of them at the same time. 


Dr. Ralph Bowersox, instrument development chief at the Jet 
Propulsion Laboratory, thinks it may be possible to develop a homing 
system so that a rocket to the moon can be guided to its lunar target by 
moonlight. It might be used with a small rocket fired as the space 
vehicle neared the moon to nudge it toward its target, and thus not have 
to rely so fully on precise orbital calculations. Such a rocket might also 
be used in the nose of an instrument package and fired as a brake to 
slow down for landing. The small rocket would be triggered by a certain 
intensity of moonlight activating the rocket brake when it was close 
to the moon. 

s 

HIP (Hughes Impact Point) is no longer the name of the ground 
target used by Hughes Aircraft Co. for air-to-ground firings at the 
Holloman Missile Development Center. Now it’s STAG (Salt Target, 
Air-to-Ground). Expansion of the Holloman range made it necessary for 
Hughes to close HIP and move to a more remote site up range, so a new 
name was devised to avoid confusion between an old HIP and a new one. 


Reports indicate that Raytheon’s Sparrow III is about ready for 
fleet operations, and squadrons operating out of Alameda may be the 
first ones to undergo training. The missile continues to undergo testing 
at Point Mugu. Raytheon has had both a Douglas F4D and a McDonnell 
F3H on bailment from the Navy for its flight-testing on the newest model 
in the Navy’s air-to-air Sparrow family. There are two variations of the 
Sparrow Ill, one the AAM-N-4 and the other the AAM-N-6. At least 
one is reported to be a heat-seeker. 

. 


Jigs for the Thor IRBM at Douglas are as big and massive as 
those for the DC-8 jet airliner . . . Elmer P. Wheaton, chief missiles 
engineer at Douglas, has the same status as a division chief engineer and 
reports directly to Arthur E. Raymond, vice president-engineering, but 
missile production at Douglas comes within the province of the Santa 
Monica division, and is under the supervision of the Santa Monica plant 
superintendent . . . North American Aviation obtained a patent on a 
method of electroplating metals on beryllium and rewarded the inventor, 
Joseph J. Utz of its missile development division, with a $500 award. 


o 
Lockheed is now wringing out a bigger Marquardt ramjet engine 
on flights over the desert range at Holloman . . . Electronics Investment 
Corp., an investment fund, recently picked up 18,182 shares of Cohu 
Electronics. 
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HIGH SPEED RELAYS 
IN THIS CONVERTER! 
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Twelve-and-a-half microvolt resolution at 20 readings per 
second! That’s the outstanding feature of the analogue-to- 
digital converter, developed by Non-Linear Systems, Inc., 
Del Mar, California, to “digitalize” the output of low voltage 
transducers in either ground or airborne service. 

It’s significant that Non-Linear Systems engineers selected 
fourteen miniature Bristol Syncroverter* high speed relays 
(inset, top) for use in the converter scanning circuits. For 
the Syncroverter was originally designed for use in our own 
Bristol instruments in extremely critical, low-level, dry- 
circuit applications. Its rugged non-resonant construction 
has earned it an enviable reputation for reliability, long life, 
and immunity to shock and vibration. 

Write for complete data. Characteristics below are typi- 
cal. The Bristol Company, 173 Bristol Road, Waterbury 20, 


Connecticut. 8.3 
*T.M. Reg. U.S. Pat. Of. 


TYPICAL CHARACTERISTICS 
Bristol's Syncroverter High-Speed Relay SPDT or DPDT (covered by patents) 


— 55°C to 100°C 

30G; 11 milliseconds duration 

10-55 cps (see below, mounting); 10G 
Up to 35V, 45 microamperes 

Less than 15 mmf. 


Temperature range: 

Operating shock: 

Vibration: 

Contact ratings: 

Stray contact capacitance: 
Pull-in time 

(including bounce): 

Drop-out time: 

Life: 


As low as 200 microseconds 
300 microseconds 

Over a billion operations under 
dry-circuit conditions 

Octal tube socket; others 
available, including types for 


vibration to 2000 cps 
FINE PRECISION INSTRUMENTS 


B RISTOL FOR OVER 68 YEARS 
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Mounting: 


HIGH PRESSURE 
FINE METERING 


HIGH PRESSURE 


| EXTR 


10,000 psi hydraulic service. Forged 
stainless steel one-piece body. Panel 
mounting. Good flow characteristics, 
fine metering, easy to turn. Water, 
gas, oil and vacuum service, 4" to 
16” pipe or straight thread tube con- 


nections. 





MICROMETER ADJUSTMENT 
NEEDLE VALVE 


Best for extra fine metering. Mi- 
crometer adjustment, precision taper 
stem. 5000 psi service —65° to 350°F., 
oil, water, etc. Brass, aluminum al- 
loy, steel, or stainless steel body. 
Le” and 4” sizes. Premolded or 
O-ring packing. Panel mounting. 





5000 psi 
THROTTLE-FLO VALVE 


Accurate throttling up to 5000 
psi. Finger tip control. Pilot 
operation of large dynamically 
balanced piston. Full flow, yet 
accurate to 1/100 gpm through 
entire range. Positive seal. Low 
pressure drop. Aluminum alloy, 
lo”, 34", 1” internal straight 
thread connections. Hydraulic 
seals others available. 





HYDRAULIC BLEEDERS 


Primarily used for bleeding air from 
hydraulic systems, for working pres- 
sures to 3000 psi at temperatures 
from —65° to 180°F. 


Fluid control valves of many types have been developed 
and are manufactured by REPUBLIC. A wide line of 
quality standard valves includes needle, globe, check, 
plug, selector and relief valves, as well as other units 
for industrial, chemical, aircraft, missile and ground 
handling equipment. 


Specialists in valving and manifold design to meet 
your specific application. Write for catalog. 


Distributors in principal cities coast to coast 


RELIEF SELECTOR PLUG 


CHECK 


GLOBE NEEDLE 

















REPUBLIC MANUFACTURING CO. 


15655 BROOKPARK ROAD «© CLEVELAND 11, 


Circle No. 44 on Subscriber Service Card. 


OHIO 





195 








Oil free 
high p 





ssure gas 


FOR MISSILE /PRESSURIZATION SYSTEMS 







5 TO 30 SCFM 





\ 
FOR TEST SITES — SKID MOUNTED 
AVAMLABLE witn E.ectric MoToR 
on Gasotine ENGINE 


MODEL LM-III 40 TO 80 SCFM 


FOR TEST SITES — PORTABLE 
Ex.ecrnaic Moror Daive —- Am Coo.zep 


ASSEM. NO. 9315 1 SCFM 





FOR TESTING COMPONENTS 
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AsseM. No. 9200 
Tacticat Dieser ENGINE 
Dariven 3-stace 6000 Pst 

CoMPprRESSOR FOR ATLAS MISSILE 


MULTI-STAGE BOOSTER COMPRESSORS 


compress helium or nitrogen from 
a variable inlet pressure source 
such as commercial gas bottles to 
a higher outlet pressure. 


COMPRESSION WITHOUT LUBRICATION 


prevents oil contamination and 
insures highest purity of outlet gas. 


* OUTLET PRESSURES TO 10,000 PSI 


* INLET PRESSURES FROM 50 PSI MIN TO 
2,300 PSI MAX 


* CAPACITIES FROM 1 SCFM TO 80 SCFM 
STANDARD 
(LARGER CAPACITIES ON REQUEST) 


one, 
two, 
three 
or 


four stage models available 
for stationary, portable or 


tactical use 


ENGINEERING & 
SUPPLY CO. 


1236 So. Central Ave., Glendale 4, California 


on Subscriber Service Card. 














people 


_ Hunter C. Harrison has been ap- 
pointed Washington, D.C., representative 
for Reaction Motors, Inc. 


Emil L. deGraeve has joined the cor- 
porate staff of Litton Industries to un- 
dertake new development planning ac- 
tivities. He was previously with Stan- 
ford Research Institute. 


R. L. Puette and B. H. Carlisle have 
been appointed general divisional man- 
agers by the Clark Controller Co. 


John H. Hunt has been named direc- 
tor of manufacturing and C. J. Jordan 
production planning manager for Stavid 
Engineering, Inc. 

Alfred A. Crivello has been named 
project engineer for microwave compo 
nents operations at the Avion Division of 
ACF Industries. 


R. T. Silberman has been named 
president of the Kin Tel division of Cohu 
Electronics, Inc. 


HARRISON 


deGRAEVE 
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Dr. Ernst Steinhoff has been ap- 
pointed associate technical director at 
Aerophysics Development Corp. Helmut 
Kuerschner has been named chief of the 
computer operations projects office and 
Werner K. Gengelbach named assistant 
manager of Air Force missile projects at 
the same firm. 


K. R. Herman and C. C. Holschuh 
have been elected executive vice presi- 
dents of Sperry Rand Corporation. Her- 
man is responsible for operation of the 
Remington Rand group and Holschuh is 
responsible for operation of the group 
of companies that comprised the Sperry 
Corp. prior to its consolidation with 
Remington Rand. 


Simultaneously, J. F. Forster suc- 
ceeds Herman as president of Vickers Inc., 
a subsidiary of Sperry Rand, and Dr. 
C. A. Frische replaces Holschuh as pres- 
ident of Sperry Gyroscope Co. division. 
Other changes at Sperry Rand include 
the election of James F. Toole to the posi- 
tion of treasurer and Charles Ondrick 
to that of controller. 


Edward R. Neumann has been ap- 
pointed manager of the missile products 
division at Fruehauf Trailer Co. 


Gordon H. Lafferty has been ap- 
pointed chief test engineer at American 
Machine and Foundry Co.'s ballistic test 
station near Colorado Springs, Colo. 


Fred S. Miller has been named man- 
ager of Aerojet-General’s solid-propellant 
production at the Sacramento plant and 
J. B. Cowen has been named manager of 
manufacturing at the same facility. 
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GENGELBACH 


Eugene B. Juratsch has been ap- 
pointed contract administrator and Fer- 
dinand P. Diemer named director of en- 
gineering at Cal-Tronics Corp. 


Beverly Paxson has been placed in 
charge of computer applications for Don- 
ner Scientific Co. She was formerly with 
Beckman Instruments 


Dr. Ernst Weber has been elected 
president of Polytechnic Institute of 
Brooklyn, succeeding Dr. Harry S. Rog- 
ers, who died on June 6. 


Chester A. Briggs will head Chance 
Vought’s R&D section, established to plan, 
coordinate and direct engineering tech- 
nical research and development programs. 
Also at Chance Vought, Adrian H. Perry 
will direct the firm’s foreign representa- 
tion. 


R. J. Wright has been named man- 
ager of the Washington, D.C., office of the 
Garrett Corp., replacing Myron A. Tracy, 
who becomes manager of military con- 
tracts and support programs for the 
firm’s military relations department. 


Mrs. Laurence Delisle Pellier has 
been appointed applications chemist by 
the NORELCO Instruments division of 
Philips Electronics, Inc. 


J. W. Woodruff has been appointed 
to the newly created post of manager, 
customer relations for Borg-Warner Corp. 


Murray C. Walker, Jr., has been ap- 
pointed New England regional manager 
of the military operations department of 
Allen B. Du Mont Laboratories, Inc. 


Dr. B. D. Thomas has been named to 
the presidency of Battelle Memorial In- 
stitute, succeeding Dr. Clyde Williams, 
who is retiring. 

Herbert H. Schenck has joined Page, 
Communications Engineers, Inc. as direc- 
tor of engineering. 

Albert J. Harcher has been ap- 
pointed to the new post of production 
manager at Clevite Transistor Products. 

Robert T. Samuel has been appointed 


director of market planning on the cor- 
porate staff of IBM. 












INEERS 


components. 


. . receive liberal starting salaries, reviews 
with merit adjustments and promotional in- 
creases, excellent pension plan, free-life insur- 
ance, Blue Cross-Blue Shield, 10 paid holidays 


and many others. 






@ ELECTRONICS @ AERONAUTICAL @ MECHANICAL 


of high caliber are invited to 

... join our staff of 800 employees. A staff famous 
for Outstanding Contributions and Leadership in 
the development of high performance control sys- 
tems — using an ultimate combination of gyro- 
scopic devices, servo-mechanisms and electronic 


TEMS, 





. work with our nucleus of accomplished Engi- 
neers and Scientists in Advanced Research and 
Development of INERTIAL GUIDANCE SYS- 
GYROSCOPIC 
MECHANISMS, ANALOGUE AND DIGITAL 
COMPUTERS, TRANSISTOR CIRCUITRY & 
OPTICAL INSTRUMENTATION. 


~_ WRITE: |. ROY SAMUELS 


director of personnel 


DEVICES, SERVO- 


MASSACHUSETTS 
INSTITUTE OF 


TECHNOLOGY 
INSTRUMENTATION 
LABORATORY 


68 Albany Street 
Cambridge 39, Massachusetts 





(GRADUATE COURSES 


may be taken for credit while earning full pay 
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GRADUATE EE"S: GENERAL ELECTRIC DISCLOSES HIGH PRIORITY PROGRAM FOR ATLAS 4 











GUIDANCE SYSTEM. MANY POSITIONS OPEN IN ELECTRONIC MISSILE TECHNIQUES= : 








ACCURACIES 


ON ORDER OF 1 PART 


IN 10 MILLION 


required for portions of G.E.’s 
ICBM ATLAS Guidance System 


8 otasetg an ICBM over a > 5000 mile tra- 
jectory into the target area demands a 
guidance system of unprecedented accuracy — 
and this is the calibre of the electronic system 
General Electric engineers are creating for 
ATLAS. 

But achieving designated accuracies and 
reliabilities in the laboratory is not enough. 
These high standards must be maintained in 
actual operational environments, with virtually 
no interruption or degradation. 


CAREERS IN STEP WITH THE FUTURE 


Engineers who join the Missile Guidance Prod- 
uct Section of G.E. are doing more than hasten- 
ing development of one of the nation’s most 
urgent programs — guidance for ATLAS. As 
Manager of the Section Richard L. Shetler 
states: “With this job behind us, there will 
remain no significant obstacle to the practical 
guidance and navigation of other space vehicles.” 
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PROGRAM ACCELERATION OPENS UP 
POSITIONS AT ALL LEVELS IN: 


Systems analysis, evaluation & integration 

Systems and component reliability 

Transistorized circuits, pulse circuitry, 
IF-Video circuits 

RF and Microwave components & plumbing 

Communications control devices 

Doppler radar design & development 

Digital data processing techniques, data transmis- 
sion involving D & D of ground-based & 
airborne antennae, transmitters, receivers; 
application of transducers, transponders, etc. 


Test operations, including planning, range instru- 
mentation & test execution; development & 
application of automatic test equipment 


If you feel that your special skills and interests 
fit you to work in any of the above areas, why 
not write us in detail? Qualified candidates will 
be invited to visit our facilities to meet with 
technical managers and gain first hand knowl- 
edge of the living advantages of our locations 
at Syracuse and Utica, N. Y. 


Write in complete confidence to Mr. E. A. Smith, Room 2-G 
MISSILE GUIDANCE PRODUCT SECTION 


GENERAL @@ ELECTRIC 


Court Street, Syracuse, N.Y. 
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Anybody still have doubts about the coming size of the missile market? If 
so, this page offers a few quick statistics to dispel them. Let’s take Bomarc: 
A Bomarc launching site (birds not included) now costs $10 million. Only four 
have been ordered, but enough are now programmed to run the bill over $2 
billion, still not including missiles. Proposed plans contemplate some 212 launch- 
ing sites for North America with variously 115, 80 and 45 launchers per site. 
If these plans stick, just to fill up the programmed launchers with Bomarcs will 
take another $1 billion, and this doesn’t include those in storage at each site. 
In a word, Bomarc program alone could easily run $5 billion at a minimum, 





and perhaps to as high as $10 billion before the first phase is “fully completed. 
Total number of Bomarcs finally ordered may top 100,000. And Bomarc is but 
one of many missiles becoming operational! 

With all the talk about U.S. superhigh radar and photoreconnaissance planes 
mapping the Soviet Union, and about SAC (and other) planes piercing the Iron 
Curtain to check Red defenses and their own ECM gear, its interesting to learn 
that AF first thought to do it with balloons 
dropped the idea in the face of State Department objections and the advent of 





a program code-named Ferret—but 


better planes. This page also hears reports of Russia doing the same thing in 
Alaska, West Europe and Northern Canada. 

And a Tass report that Russia is working on a plane “not subject to the 
laws of gravity” for trips “into the universe” coupled with a forecast by Prof. 
Kyril Stanyukovich (Soviet Academy ‘of Sciences) that “the problem of gravity 
will be clarified to some extent in the coming year” raises some questions, par- 
ticularly now that USAF has ordered captured German papers on the utilization 
of “free space energy” out of dead storage at Rand Corp. Sounds like the race 
for ‘ ‘antigravity’ is picking up a bit. Meanwhile, Russians will try to get man 
into space and back before year end. First step will be to send him a couple of 
hundred miles up “capsuled” in the same kind of nose cone that carried last 
year’s three-at-a-time dog experiments. 

From China Lake, word that a monorail rocket sled hit 2575 mph in 1.9 
Bell, Rocketdyne and 
all under 5000 pounds thrust. Re- 


seconds, a new record. Elsewhere, 
NACA 
ports, too, that one large U.S. lithium firm has a way to make anhydrous lithium 








have fired fluorine rocket motors 








perchlorate at a cost near to that of making ammonium perchlorate. On the 





West Coast, this page sees that Giannini Research Laboratory has measured a 

specific impulse of 600 in a simple ion rocket using helium working fluid, with 
promise of a lot more from hydrogen. This is under an AFOSR contract. 

Where East meets Middle East. The Japan Space Travel Society has made 

a gift of 3,600,000 square feet of land to Egyptian President Nasser—on Mars 

. . Shell Oil Co. now has a grease with an operating temperature range from 

—45°F to 600°F . . . Fear’s rising in Washington that Russia may be trying a 








global flanking move in Antarctica—permanence of Red ‘IGY facilities there 





prompts some observers to conclude that Russia may be about to build launch- 
ing sites for super-ICBMs and boost-glide skip bombers. 
199 
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For additional information about any product or service advertised 


or mentioned in the editorial pages of this issue of Missiles and 


) Rockets: 


Use the attached prepaid reply cards. Circle numbers shown on 
the reply card that correspond with numbers appearing beneath items 


described. If no circle number accompanies the article or advertise- 


ment, give page number (and advertiser’s name) on line provided at 


bottom of the card. 


Your requests for information will be forwarded promptly to the 


companies concerned. 





PRECISION POTENTIOMETER TRANS- 
DUCERS. Model 69 angular acceler- 
ometer for controlling spin or rotafion 
of missiles has a spring-restrained, bear- 
ing-supported, cylindrical rotor operat- 
ing @ wire-wound potentiometer with 
linear or functional output. Available in 
ranges of +2 rad/ up to a maxi- 
mum of +4000 rad/sec’. Steady ac- 
celeration of 50g on each axis causes 
ne damage or change in calibration. 
Linear error is less than 1%. Edcliff 
Instruments. 

Circle No. 250 on Subscriber Service Card. 


NYLON PLATE. Polypenco nylon plate 
is available in thicknesses of 11/4” and 
1'¥2” in nylon 10! and Nylatron “GS” 
' formulations. Standard width is 10” and 
‘lengths range to four feet. Polymer 
Corp. of Penna. 

Circle No. 251 on Subscriber Service Card. 


PRESSURE-SENSITIVE PAINT. One drop 
of “Celab” pressure-sensitive paint makes 
| @ pressure-transducer having almost no 
weight or volume applicable to a sur- 
face of any shape, and at temperatures 
up to 400°F. Available in nearly any 
weight or sensitivity required, with re- 
sults reading directly on an ohmeter. 
Clark Electronics Laboratories. 

Circle No. 252 on Subscriber Service Cord. 


VARIABLE AUTOFORMERS. Explesion- 
proof a for controlling power- 
line voltage in hazardous areas, De- 
signed for panel mounting, features 
cast-aluminum housings. Available in 3 
models & sizes. !-L-S Instrument Corp. 
Circle No. 253 on Subscriber Service Card. 


INSTRUMENT CABINETS. Designed for 
research, production control, and in- 
strumentation activities where operators 
ere standing or constantly moving. May 
be used as individual equipment 
cabinets mounted on casters, as a base 
for sloped turret frames, or as counters 
and cabinets for large control consoles. 
Available in two sizes with depths of 
sither 18!” or 22”. Both models are 
_ 36'4” high without casters. Elgin Metal- 


\ 


| formers Corp. 


‘ee 


-— 


Circle No. 254 on Subscriber Service Card. 


| POWER SUPPLY. Transistorized trans- 
| mitter power supply with 130 watts of 
de power, but occupying only 62.5 
cu. in. and weighing 3.2 Tos. Capable 
of continuous operation under condi- 
tions ef 100g shock, 15g—2000 cps 
vibration, 100g acceleration. Operating 
temperature range of —55°C te 85°C. 
Measures 5” x 5” x 2.5”. Power 
Sources, Inc. 
Circle Ne. 256 on Subscriber Service Card. 





NEW PRODUCT BRIEFS 


SILICON RECTIFIER. All-welded metal 
construction, lightweight, compact and 
hermetically sealed. Fits into standard 
holders, also threaded for ease of 
mounting on a chassis in a heat-sink 
application. Series includes units rated 
from 100 to 400 volts PIV. Audio De- 
vices, Inc. 

Circle No. 258 on Subscriber Service Cord. 


MICROWAVE DIODE. Device simplifies 
microwave power measurements by 
allowing quantitative use of output volt- 
ages. Termed MA-424, the unit is 
physically interchangeable with other 
ceramic cartridge types. Tested at 9000 
me in a fixed tuned wavequide holder, 
and a load resistance of 10,000 ohms 
is used. May be used for reproducible 
power measurements at X-band and 
lower frequencies. A reversible polarity 
MA-424, designated MA-425, is also 
available. Microwave Associates, Inc. 

Circle Ne. 259 on Subscriber Service Card. 


CABLES & CONNECTORS. Two models 
of microminiature cables & connectors, 
termed Twinax and Triax, available for 
immediate delivery. Twinax consists of 
160-chm, low-capacitance, two-con- 
ductor, shielded and jacketed cable. 
Triax is 50-chm, double-shiélded, 
jacketed, coaxial cable with screw-type 
connector. Microdot, Inc. 

Circle No. 260 on Subscriber Service Card. 


ULTRASONIC CLEANER. Furniture-type 
cabinet with stainless-steel top, avail- 
able with one or two tanks. Applicable 
to cleaning bearing assemblies, elec- 
ical assemblies, mechanical parts and 
delicate mechanisms. Cabinet measures 
35” x 24” « 37”. Labline, Inc. 

Circle Ne. 261 on Subscriber Service Card. 


THERMAL RELAY. Medel TR-103, her- 
metically sealed component, bandies 
power requirements ranging from 0.004 
to 0.050 watts of de, ac or rf. Actuat- 
ing voltage is 0.4 to 0.5 volts. Does 
not result in contamination or oxida- 
tion of parts and provides visual in- 
spection of contacts. Operates from 
transistor, magnetic amplifier or solar 
cells. Hamlin, Inc. 

Circle No. 262 on Subscriber Service Card. 


CORE TUBES. Rectangular or round 
high-temperature core tubes or coil 
forms without flanges. Class H includes 


tubes of lamina silicone glass eleth 
designed to meet military specifications 
for i electronic 


electrical power and 
equipment. Class B tubes of laminated 
lass cloth or laminated epoxy 
also available. Silicone In- 
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MISSILES and ROCKETS 
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WASHINGTON 5, D. C. 
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MISSILE LITERATURE 


INDICATOR-ANALYZER. Illustrated bul- 
letin EA-114, describing combination 
electronic pressure indicator and engine 
analyzer known as SLM Engine Indi- 
cator. Designed to measure all internal 
combustion engine temperatures, igni- 


tion and vibration. Kistler Instrument 
Corp. 
Circle Ne. 157 on Subscriber Service Card. 


TRANSISTOR CIRCUIT POWER. A 
system for powering transistor circuits 
from electromagnetic energy radiated 
from distant sources, done eliminat- 
ing the need for a local power source, 
is described in a report of Army re- 
search available through Office of 
Technical Services, Department of Com- 
merce. 

Circle No. 158 on Subscriber Service Card. 


TRANSISTORS. Information on how 
NOT to use a transistor, published in 
a booklet showing pointers in cartoon 
form. General Transistor Corp. 

Circle No. 159 on Subscriber Service Card. 


MISSILE SUPPORT. Capabilities of Ly- 
coming division of Avco Mfg. Corp. in 
missile-support field are covered in 16- 


page booklet. Lycoming Div. Avco 
Mfg. Corp. 
Circle No. 160 on Subscriber Service Card. 


KEL-F PLASTIC. Corrosion resistant 
Kel-F plastic laminate which can be 
applied to any surface having almost 
any contour is described in bulletin by 
U.S. Gasket Co. Bulletin covers proper- 
ties of plastic lining material, including 
extreme resistance to chemical action 
of acids, zero moisture absorption, heat 
resistance to 300°F, low-temperature 
flexibility, high-impact resistance, anti- 
hesive surface, and noncontaminating, 
nontoxic and nonflammable surface. 
United States Gasket Co. division of 
Garlock Packing Co. 

Circle No. 161 on Subscriber Service Card. 


RADOMES. Developments in radome 
design and materials described in two 
reports of Air Force research. One 
covers streamlined lens-radome for air- 
borne operations and the other covers 
advances in radomes for ground 
of radar equipment. Available from 
OTS, Department of Commerce. 

Circle Ne. 162 on Subscriber Service Card. 


CATALYTIC COATING. Illustrated 
color brochure on catalytic protective 
coatings describes characteristics of 
coatings as tremendous adhesion, dur- 
ability and wear resistance, air-drying 
speed of 5 to 10 minutes, complete 
adaptability to any application tech- 
nique and unusual heat and corrosion 
resistance. Industrial Finishes Co., Inc. 
Circle No. 163 on Subscriber Service Card. 


DATA OBSERVATION. Up to 86 sources 
of data may be observed at one time 
through use of ASCOP’s CMS-2 monitor 
om Series of three catalog bulletins 
on 


ipment is available. Applied 
Science ‘cae. of Princeton. 
Circle No. 164 on Subscriber Service Card. 
MOLDING COMPOUNDS. A paper- 
bound 40-page catalog describing the 
Atlas thermaflow reinforced ster 
molding compounds, materials ring 


high-impact strength and unusual elec- 
trical and chemical sailitend qualities. 
Catalog suggests that the materials 


replace metals and other plastics in 
many applications. Atlas Powder Co. 
Circle No. 167 on Subscriber Service Card. 


TEFLON MATERIALS. Bulletin § gives 
mechanical, electrical and chemical 
properties of C-D-F glass-supported 
Teflon in sheets, tapes, laminates, meta!- 
clads and fabricated parts. Process of 
integrating glass-fabric base with outer 
layers of teen is outlined, with refer 
ence to impregnation process. Also de 
tails widths, nominal thicknesses, and 
thickness tolerances for standard and 
special grades of glass-supported Teflon 
tapes and other forms of materia! 
Continental-Diamond Fibre Corp. 

Circle No. 150 on Subscriber Service Cord 


PRINTED CIRCUITRY. A_ 180-pace 
containing lists of alternatives and 
recommended practices for each step 
of design and production; buyer's guide 
to special components; list of specia! 
tools and skills necessary; and a re 
view of machine capabilities. Instru 
ments Publishing Co., Inc. 
Circle No. 151 on Subscriber Service Cord 


VACUUM PUMPS. High-vacuum-diftu 
sion and booster-diffusion pumps covered 
in 12-page bulletin iodine outline 
drawings, tables, and large-scale speed 
curves. Full physical and operating 
specifications for both mercury and oi! 
pumps with speed ranges from 10 to 
11,000 cfm are presented. Also explains 
how diffusion pumps work, itemizes de 
sign and construction features and re 
sulting benefits to the user, as well as 
present formulae used in designing high 
vacuum systems. NRC Equipment Corp 
Circle No. 152 on Subscriber Service Card 


MINIATURE CONNECTORS. A _four- 
age, four-color illustrated technical 
~~ & giving specifications, diagrams 
and general information on microminia- 
ture connectors. Products meet MIL-C- 
8384 and are ruggedized to withstand 
shock and vibration extremes. Described 
in booklet series MM22. DeJur-Amsco 
Corp. 








_ 


' 
Circle Ne. 153 on Subscriber Service Card 


THYRATRON GRID CONTROL. Four 
page, illustrated bulletin describing pack 
aged thyratron grid control providing 
economical power regulation up to |0 
kilowatts. Provides simple circuitry, and 
one unit will control | half-wave or 2 


full-wave thyratrons. VecTrol Engineer 


ing, Inc. 
Circle No. 


THERMOPLASTICS. Recommended pro- 
cedures for machining and finishing of 
thermoplastic sheets, rods and tubes 
contained in eight-page booklet. /n- 
cludes sawihg, routing, drilling, turning, 
shearing, punching, grinding and finish- 
ing. General recommendations for too! 
design, feed and speed, and use of 
coolants are presented. Also covered 
are special machining characteristics of 
acrylics, nylon, fluorocarbons and poly- 
ethylene. Cadillac Plastic & Chemica! 
Co. 

Circle No. 


SHAFT RETENTION FASTENERS. Eight- 
page booklet describes “springrip” shaft 
retention fasteners and new “pilot 
tooth” design 
easier to apply. Covers where-to-use 
data, dimensional information and speci- 
fications on standard springrip fasteners. 
Also devotes space to vinyl plasti-ring 
shaft retainers, push-on fasteners and 
C-ring washers. Fastex Division, Ilinois 
Tool Works. 

Circle No. 165 on Subscriber Service Cord 


154 on Subscriber Service Card 


155 on Subscriber Service Card. 
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for making fasteners | 
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four- 
:nical 
rams PRESSURE VESSEL TECHNOLOGY 
Lc. -AND NOW TITANIUM 

stand 
ribed 


With years of experience in the design and 
msco 


’ production of airborne pressure vessels such 
Card 


as air, gas and fuel storage bottles for mis- 





Four 
pack 
iding 
o 10 

and 
or 2 
neer 


siles, and tanks for aircraft hydraulic sys- 
tems, Rheem Aircraft is particularly quali- 
fied as a supplier of these components. This 
specialized technology of welded pressure 


Cord vessels employing aluminum, steel and stain- 


= less steel now dictates the use of heat treated 
ig of 
tubes 

In- 
ning, 
inish- 
tool 
ie of 
vered 
cs of 
poly- 
mica! 


titanium alloys to meet critical strength/ 


weight requirements of the ICBM program 
The storage and transport of liquids and 
gases under extremes of pressure and tem 
perature is now a reality with significant 
reductions in weight made possible by 


Rheem sponsored development. Submit 
Cord. your specialized pressure vessel require- 
Ei ght- } 
shaft 
1” il ‘ 
pio 
heners | 
to-use 
speci- 
eners. 
Hi-ring 
and 
Hinois 


ments or specifications to the Rheem 
Marketing Department...Rheem’s experi- 


ence is available for your application. 





core RHEEM MANUFACTURING CO./AIRCRAFT DIVISION | AAl) 


11711 woodruff avenue, downey, california 


tomorrow 


Open ears lead to the open thinking that 
made possible today’s rocket powerplants. 
They are alert ears—ears acutely sensitive 
to the unsolved problems that must be 
conquered in designing powerplants for the 
vehicles of the future. 


RMI puts a premium on just such thinking. 
Its engineers and scientists form a talented, 
alert team, efficiently and effectively 
meeting the rooket power needs of tomorrow. 


Engineers, Scientists— Perhaps you, too, 
can work with America’s first rocket family. 
You'll find the problems challenging, the 
rewards great. 


for Progress 


. REACTION MOTORS, INC. © 





A MEMBER OF THE OMAR TEA 


DEN VILLte, nN & WwW JERSEY 
Circle No. 61 on Subscriber Service Card. 








